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ABSTRACT ■ , " ^ 

Landforms* vegetation* Vater bodies, climate and 
stjlar radi^ation.ran be analysed and used to design an^ 
energy-conserving landscape and horticulture operation. Accordingly, 
this course instructor's manual co-vers the use of the elements of the 
environment to. make landscaping' and qurs^ry design and opelration mor^e 
etier^ry-ef ficient* Five sections com^ise the quide: <1) bacic.grou|id 
material on sl'te analysis., which is tlie .c<jurse's central.^f ocus: (21 * 
informatioi^ about designi^ig energy-conserving' landscapes^ (3) a 
section OTi crre'enhouse orientation and design for solar energy use: 
(ttl guidelines for conserving energy in norsery design and pperation: 
and (5) a set of site maps and suggested ways to use t'hem vithin a 
classroom to apply principles covered in previoTis portions of the' 
manual* The gaide*s five sections can be used to teach .separate 
ccurses'on -landscaping, greenhouses, and nurseries, (Author/UB) 



♦ Reproductions supplied by .EDRS are' the best that can be made ♦ 

* ' . ' ^ from the original document, ♦ 
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. , ^ ^ FOREWORD ^: . - ^ 

If ' . . ^ . ^ - ' * * , ^ 

^ This instructiona-1 manual was prepared by the Department of Conmunlty 
Colleges as a part of ^ its plan to provid^e coutse? on energy conservation 
for curriculum and ext-ension programs. The purpose of this manual Js to 
teach the Ose of -the. elements of the environment to make landscaping and 
nUrsery 'design and operation more eriergy efficient- L'andforms, vegetation^ 
^ water bodies^^cljmate and solar radiation cap be analyzed and used to 
design arf energy conserving .landscape" and horticulture operation, Individ- 
uajs who complete these courses^will have a better understanding of energy 
conserv.atlon techniques and skills tha't can be used to reduce the consumption 
of scarce eV^ergy sources: " ^ ^ ^ " 
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Jhis manual consists <Sf five sections, ^ 

CORE ' How to make a site analysis^in preparation^ for energy conserving 
landscaping, construction or setting up of a nursery operation, - 

Upon completion of this section,, the student will be able to do the 
following: ' ^ 

1, Make a site analysis of -a given site*. 

2. Prepare a slope map given a topographical -map' of a site. 

a. Calculate percentage (Jf slope given ^rise and run of contouj/ 
'Intervals on a map. ' ^ , 

b. Calculate horizpiital distance between contours on a slope map. 

c. 'Arxalyze slope map tq determine loc^^tign of lhr*6e types of 

" slopes:- ,good, workable, anrd those requiring excessive grading, 

^ 3, Locat'e soil survey through U.S. Conservation Service for given 'site 
.and prepare soil map for site. ^ ' - 

4. Prepare vegetation map of site. ^ ^ ^ . v 

5. Prepare architectural map of site. - ' , ' 
,6. Prepare hydrological map of site. 

7. Calculate , amount of solar radiation for a given month falling on 
^ horlzontial, vertical and certain i^nclined surfaces at a given 
latitude. 

St Plot^ skyline for a given site on a sun chart to determijie obstruction 
' \ . to solar gain , \ ' , , ' ' ' . ^ 

IanDSCAPI-NG for energy conservation ' Appjjcation of site analysis to,^ 
' to pl-an energy conserving landscaping or^alter present landscaping to 
/naKe it more enfergy conserving, ^ ' - 

' Upon completion of this section, the student will be able to do the 
fbl lowing,* r \ ' . ' 

1, ^ Determine pt^per placement of a building 'on a given site in order 

to uti 1 ize^ solar gain. 

2, Analyze ^ site to iJeterrtiine its positive and negative eaergy 
^ . conserving features. ^ ^ . * ^ 

3, ' Analyze site' and recommend planting or cutting of existing plants 

to utilize solar gain, altetr^ humidity and deflect or channel -winds . 

ENERGY-EFFICIENT, GREEflHOUSES ^ Orientation of .greenhouses in reUtion ' 
to site aind de^sign of greenhouses as ^ passive solar heating/cooling " 
system. ^ , ^ ' ^ ^ 

Upon completion of thi$\secti^on , the student will be able to do the - 
following:' ' ' . ' ' 

1. Determine proper orientation of greenhouse, on a ^iven site ,in 
order to g^t maximum solar gain. / 

2. Calculate ideal angle of south wall and/or roof ft>r maximum solar . 
gain during a given month in a given latitude. 

3. Analyze available or pVoposed greenhouse plans according to 

, expandibi lity, spatial efficiency, insulation, glazincf material 
and solar efficiency. 

4. Given a solar greenhouse, can analyze heat collection and storage 
system according to types of passive solar systems: direct gain, 
indirect gain ana isolated gain. 
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5. Calculate optimum ar^a and thickness of a thermal storage waU 

given the floor aV^a to be heated, average outdoor t^mperature^ 

an(t material to be used to construct wall/ 
6,, Recommencf 'appropriate insulation techniques for a given greenhouse, 

e.g., placement 0/ 'vegetation , berming, use of vestibules, movable 

insulation, shade* cloths^ reMectiv^e films, etc: 

NURSERY DESIGN ANO bpERATft)N fok ENERGY CONSERVATION - Design of a 
'nursery and its operation or analysis of an existing operation to ^ 
" increase the energy efficiency ^of the operation. 

Upon QjAletibn of tbis section, the' student will be able to do the 
: fol lowing: - " 

1* Recor^J' existing natural conditiorvs and resources oT a given proposed 
nursery site. . ' \ ^ , ^ - 

Determine location of access. 

b. Determine which vegetation can be used and should remain. 

c. Determine if existing structures can be salvaged or^how to use 
them, . ^ ^ ^ ^ 
Map slopes to determine drainage and suitable locations for 

, development. ^ ^ 

e. Map path of sun taken across- property during winter and summer. 

f. Calculate path of ^ind across 'property winter and summer in 
relation to existing windbreaks: ^nd need for wind, protection, 

2, Given a proposed nursery site and record of existing. natural 

conditions and resources, can. plan a nursery operation Jayout? ^ 
3> Can^analyze existing nursery' operation and design 'an energy , 
/conservation plan. ^ . ^ - 

EXERCISESy-- A set of site maps and suggested ways to use thejn within a. ^ 
cla$sroomlto apply the principles discussed in the previous ^four sections. 

The sections of ^this -manual can be used to. teach 'thrfee separate courses on 
landscaping, gre_enhouSe*design and operation, and nurseo: des ign and operation 
or used to teach any, combination of these three. The' "Core** section is int-ended 
as a reference "^id^ for all the. courses or it maybe taught as backgVound - 
material for^. the courses. The '/Exercises*' section is provided as instructional 
assistance material* . . - . 
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■Since the discovery ^qf fossil fael > over d century ago> man has sought the 
solutions to his problems through a highly developed technology. Technology^ 
like mankind, requires energy in order tt) function. . ' • 

■OBSERVATIONS: - * \" ^ . . 

1/ Mankind is dependent on technology. 

2/ Technol6gy relie^on non-renewable energy. 

3/ Non-renewable energy reserves are finite and wasteful . * ^ 

* 

4/ As energy reserves drop and demand increases > prices for 
' remaining supplies escalate. 

/ ^ - ► 

* 5/ Rising pricjes contribute Xo inflation and unemployment. 

6/ Inflation and unemployment are problems. 
CONCLUSIONS: 

We are not solving our.prot)lems. The real problem lies in the " 
reliance of technology on non-renewable energy. Tbis means tjjat 
either new sources of energy must be founds or tha^ new ways af" 
harnessing old sources must be created'.^ 

Science, "physics and' engineering^will \>e instrumental in accomplishing the* ^"^ 
task "Of.ndiscovering and implementing new "forms of energy. In the^eantjine, - 
our remaining resources rrtust be "conserved. One way to accomplish cbnfeervatfon 
is to cut. down on- cfinsumption. Another solution would*b,e to deviseWthods 
of making more efficient use of present energy reserves. I 

Every living organism is dependent upon energy for Survival. The earth lives 
on jpovifir supplied by natural systems of the un.iverse.; When coribified, these 
systems, functioning as a whol&, become self-perpetuating. - All elements of 
nature stiare a symbiotic relatiorrship, each one affecting the other, ..Without 
this integration there would be waste, and the system would cease to regenerate 
itself. / ' \p * 

Techno>ogy, like^'a liying organism, requires energy in order to function. 
Isolated from the forces of nature, technalogy becomes limited to a finite ^ 
source of ^energy. Waste is an unfavorable aspect of nonrenewable systems. 
This waste not only causes enviforanentaf prpblems, bJt is extremely costly to 
monitor and control. Depending on nonrenewable energy is costly^ As energy . j 
reserves drop* and demand increases, prices for remaining sup[:flies escalate. \ 
The true problem of the energy crisis in tem\s of buildings and utilttie^. is 
not energy supply, but father the method used in the'appXication of these 
sources. ^.Money .is required to effect changes. "Some 'methods of application 
are readily cost-effective. Others require greater amQunts^of time before the 
cost of the changes has cancelled itself through savings in energy expenditures. 

This Core Course isian introduction to the Natural Systems of the Earth. If 
we-are to successfully integrate our technologies with renewable resources, -a 
.full working knowledge of the relationships of these natural forces is essential. 
Through understanding we can' begin to create dynamic systems which cha'nge in 
response to the environment, and ultimately to our own needs. 
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Landform^ A landform as it exists in nature^ consists of many natural systems 
w6rking together to make one complete living and changing system, The natural 
system of a landform consists of these elements: 

A. Geology is the study of earth^s history stored in rock. It is the study of 
the mineral composUion and the'pressure formation of rocki-arfd the^study of 
three different types, of rock; metajnorphiC^ ""igneous and sedinsentpry 

and their structural characteristics. 

B. Soil horizons - th^ study of the layering and 1;ypes of soils composing each 
horizon or lay^r. Soil horizons comprise the majority of earth above the 

' Jbedrock layeV. ' - " 

C. Hydrology* the study of the amourit and movant of water on- t/Te earth; the 
study of flooding and average large yearly rainfalls*; and the sludy of 
drainage "p^tern^'on slopes. ^ ^ ^ . 

0. Vegetation * the study of the development , stage of succession and assocta* . 

^ tion of plants growing in different ecological zones, _ 

£. Built structures the .documentation of the manmade structures in the 

landscape (for example: underground Wire^ and pipes» walks» streets and ^ 

biJildings),"^ ^ . ^ " 

F. CHmate*the study- of weather, chartaps in a geographical a,^ea» such as in 

temperature,- rainfal 1 , snowfall ,■ wind and sun angle. 



IK Site Analysis. A site analysic, consists of a col.TectioQ of mai[>s presenting 

data on the previous natural systems which mal^'e^ up , a, landform. A site 
^ analysis usually consists of the followirlg inaps;_ ■ \. ^ 

\ A* Site^boundaries • ■ * . 

, Bv. 'Topolcfg+Ca-1 study _ " . " . . 

^ * C. Slope* ^tudy . ^ " ■ / 

Soils slHJdy^ ■ . " ^ ■ " 

E. Vegetatipn. Study ■ ' . , * . 

^ * Fr Architectural .study' ^ ^ y - ^ , 

^ Gi" Hydrologlcal study ' ^ , ^ 

H. Geological, study ^ ■ . , 

I. Climatological study . - - " , ' ' * 
J. wind study * - 

Solar Study . " . . 

'tBome of the previous studies can be combined onto one map» but most need to 
be mapped individually. An explanation of each of the studies will follow.) 



IIl/Site^Boundaries. Site boundaries determine th«. size. and ownership jjf a parcel 
of land and are determined by specllic survey data . 

A. ^Survey data consists of reference points and line bearings. 

1) Referl&nce points. From a- reference point on a site map a surveyor can 
determine all the remaining reference points by usir^g bearings. 
* 2) The bearing gives the surveyor the degree of the angle of a line 

directly off a line-either direct north or south. Forexample^ "North 
90 degrees East 51*" means that a surveyor ^would point the.equipment , 
\" due north and then swing it 90 degrees east and the next point vi^uld be 
' - 5r in this direction; (For illustration see Figure 3.1) . ^ 

B, Due to the need .for technical equipment ^nd the problems which migh't arfte 
if the surv^ is not entirely correct^ a planner should use a professional 
surveyor. ^ 
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IV* Topological Study Maps and Slope Maps- 

" Contours- a 'line|on which all points on that line exist at the sa(ne ' 

' elevation. Ever? contour line closes on itself, either within or beyond- 
. the limits of the map. (See Figure 4.1) Jf 
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1) A set of contours which close on themselves in a certain area of a map 
can depict eitheV a lowtpoint {L.Pj {See Figure 4,2) or a high, point 
{H,P.) {See Figure 4.3). 




LOWPOINT(PLAN VIEW) 

^LOWPOINT . 

(ELEVATION) \ 




fig. 4.2 
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-VIH5HP0INT (PLAN VIEW) 

. HIGHPOINT ^ 

(ELEVATION) \ 



fig- 




2) One can determine whether U is- a low point or a high pdint by looking , 
at the procession of numbers on the, contours. If the fiumbers get htgber 
towards the center it -i^ a high, point; and. if the numbers get lower 
, towatMs the center it 1s a low .point, .''*■■* 

'3) Contours never cross except in the instance of an overhang, .(See' 
Figure 4.4) . 
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4) Contour intervals* Measure'the vertical distance between the contours. 
The larger the contour interval the fefwer contours- which will appear on 
the topography map. The smaller the contour interval the more contours^ 
that will occur on t>ie*map< - Larger contouir intervals aro frequentl): 
used on maps of sites with large acreage- (See Figure 4.5) 
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fig. '4.5 
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6, Topography. TK^ word' topography describes a set of contpurs which determine 
the' surface features or relief of a site, By learning to read a 
topographical map you will learn how to recognize such Vand features as 
low points (See Figure 4.2), high points ^(See Figure 4,5), ridges, creek 
and river beds (See Figure 4.6). 
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-1) The study of topography hrelps in determining the direction and effect 
of and water on a site. 

One of the best methods for^studying topography is through the use of a 
' slope map, 

C, A topographical map contains complete topographic information (of a site) 
su€h as all contours at their correct interval and elevation points 
showing high and low ejevations and building and road elevations, 

D, Slopes, A slope is determined by vertical rise divided by the horizontal 
'run of a contt^ur interval- The number arrived at here is then changed to 
a percentage by moving the decimal place two figures to, the right. Thus 
we arrive at this equation: 



Rise 
Run 



Percentage of Slope 



1) For example, think of a strip af a hundred feet long. ^If "the stri 
is part of a hill and tliere Is UJAoot of rise -in this IQO feet, then 
this land has a 10% slope. This means for evepy~HOO feetrbf run there 
is 10 feet of rise or for ever 10 feet of run there is l .foot of rise. 



Rise = 10 = 1 - 
Ryn , WJ 
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2) Example; Where '*a" and *^b" are consecutive contours > .the^dlffer^nce 
. between "a" and **b", "b" being the highest^^levation/equals the r-ise 
factor in the above equation. The horizontal factor can be determined 
by actually measuring with a scale between the two cont^ours, Xhus^ you 
will now have derived factors to plug into your equation. , 
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Slope maps. A jslope iliap is the two dimensional mapping of three basic ^ 
slopes; good or gradual slopes^ workable slopes^ and ^steep slopes, .This ^ 
mappinq, system helps the planner' d^tenfiine good Jbuilding areas,, 
difficult grading areas and floodrplains. 

How to make ^ slppe map" ' , * ^ 
1) ' You must sisart iJith a complete topographic inap. 
' 2) You must ^theh determine the location on this map of the three s-lopes. 
or gradients most worked with; 

0-8X a good -or gradual slope ' * - - 

, ^ 8.1-lSX. a workable slope 
* J IS, IX and over requires major grading , ■ ► 

3) A"^eneral rule to remember is that as contours get closer together,' 
the slope becomes steeper and the percentage of slope becomes larger. 

4) In order for a P'lanner*to determine what an S% slope woul^ look like 
on a particular topographic map, he/she rftust first determine the 

* horizontal distance that an 8X slope- would occupy between contours. 
Find the contpur interval (CI) of your map (which' equals the rise 
factor), for this map will be 1 foot. 



100 X CI 



Percentage of Slope 



Horizontal Oistance 
Between Contours 



100 X 



\ 



100 



12. S' 



Therefore, everywhere the measured horiiontal distance between 
contours equals 12. S', there is an 8% Slope. 



5) Now solve the above equation for and ttien lislng a scaie ecjual 
to the one used on your topographic map make' a ^uide rulfe of ', - 
cardboard or some other sturdy material. (See Fi.gure'4.7) 
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6) Use your'marked guide to run -along the contours- in a nefpendicular 
motion. Mark off the'arrea? belonging to each set of "sldpe^ 
measurements, (See, Figure it.Z) 
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V. Soils, Soils make up the loose Surface material of the earth in which plants 
grow. Soils are comprised of decomposing ^i);;ganic and inorganic materials 
and contain hftrogen and oxygen gases, water^'niinerals and living organisms. 
Soils occur in vertf^aKlayers oir horizons above the bedrock lajrer. Each 
horizon will have some difference in 4ts^minera1 land [)articT.e compos litgn. 



A, Soils are'{;-]a?s1fie#J>y .their partic^le siz^. * . - " , 

1} Sartd has a very^ large particle size, is highly aerated bt>t ha^ low 
water holding capability, 

2) Silt has a meclium particle size, veryYlow aeration and a iT»edij^m ^ater ■ 
holding abil ity. " \ . . ^ ^ 

3) Cl^y has^^a" small partfcle size, lowaer^tiort but a very high water" 
holding abi 1 ity , * ^ \ ' 

1 - * * * J 

8. The 'aeration 'of a soil.ts equal to the volume of air contained in.thdt** 
soi^, . ^ \ - ■ " \ , ^ . . 

C. Hydration of a soil refers to the volujne of water retained in that aoiU'' 

0, The. organic matter contained. in t5e soil provicjes -food for micro-ongaoisfril^ 

which in turn are necessary fbr nitrogen fixation. " l.^* S 

* , ■ r , \^ 

E, The mineraVs in tha-soil are broken down and utilized by plants ^for growth, 

J. Plants^depend on nitrogen for the production of food, on phosphoruS^.to " ^ 
* stimulate' root -growth,^ flowering and fruitjng; and. on potasK as a catal*^it 
for nitogen fixation ,^ ■ ' " . , ^ 

G. Soil surveys ^ ^ ' * 

1) A soil survey will usually giv^.the planner all the infonnatibn h^she*^ 
could need oh ^the soils in his/her areas* A soil^survey is usual ly^ dor^e 

■ ' by county and can1>e found titrough. the U..S. Conservation Service m 
f your cOLifity, Vol/ will have to locate 'y<)ur site on the survey an^ Vv^^ 
record th^ con^^s ponding soils onto your soils map. ' ' ^ ' 

2) Check the abbreviation" of each soil ^nd match it to the corresponding^ 
name- in the survey. Under the name.you wilj fi-nd such -information, as . 
the ferti^i,ty, b^ilding^ capabilities and composition. ' . ^ ' 

H, ^oil maps_ * , * . ^ ' ■ . ■ - 
'1).A soilsmapis composed of 'yai>r site overlaid with its correspon<Jing . 

.soi>fe: - / . * ' V . ■ - 

2) T,his ^rflaij-'wil^ enable the planner to*' easily locate and.d^velop the* ''-^j- 
soils to their best'usage. ' ' " - ' - 





TOPSaL . . 
, HORIZON "A" 



HORIZON "B" 



HORIZON "C" 



NOTf: In the earth, soils occur in layers called horizons. Each horizon is 
usually composed of some of the same organic matter and minerals as th^ 
horizons surrounding it, but will differ in age -and formation, -(see fig, '5,1) 



VK Vegetation 

A. The study pf^ vegetHfon on a sfte takes an accounting of^aH types of 
plants appearing on the sUe.* Large, trees^ small tre^s / shVubs , grasses, 
vines and herbs- should be l>sted in ch s study. ^The amount, size and type 
of vegetation will affect the movement and changes wind and water have on 
the site;, ^ . 

1) Evejrgreens are plants which maintairl their foliage all year around. 



2) Deciduous plants los? thejr foliage 
' lower ^tempeVatdr^ and a shorter dayl 



during seasonal changes su<;h a-s a 
ight period. 



3) Sfpecif icattorr^ affecting the Usage ojf piantS' 

(a) Size 
1,. Height (See Figure tA\ * 

; 2. Oripline, or the gi rcumferenf jp of canopy (See Figure 

(b) Density 
1 . Leaf size 
2-. Surface texture 

* . 3: Branching texture 

(c) Root structure * 



fig. 6J 




/ 



HEIGHT 



. Vegetation maps ^ 

1) A vegetation map lists" and locates all the, major plants and trees on 
the site. Lt either ^ives the^common tr b<ft^anical name on the location 
of the plants and thenMists both names in^ the key along with ptheii 
information about the particular specimen. ' ^ 

"2) A vegetation map enables the planner to save important trees or plants 
on tije site for the beneficial use of the- entire plan 

y - ■ ^ 



VII^ArchitectiJral Study ' ^ 

An architectural study provides, information and location of all built 
structures on the site. Btiilt structures include buildings, walks, sti^eets, 
wirir^g and underground pipe. 

^\ Architectural maps should include such information as the orientation of 
buildings and ^the location j>f windows in these buildinqs. "1 
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Orientation^ The? orientation of a buildinq tjives the location of the face 
of the building and indicates the route the sun will take in relationship 
to the building. It will help plot the direction seasonal winds will take 
in regard to the building, ^ ' 

iTsage * An architectural study should include the usage or function of the 
buildings, waUs, streets and underground utilities. This information 
will enable the planner to incorporate the needs of these functions into 
thA.design,^ ' , ' ^ - . . ^ 

Energy efficiency* In order to determine the energy^ efficiency of a 
building/ one must determine the insulation factor of building materials* 
the type of energy used in the building* and ifthe building or buildings 
utilize any of the surrounding natural systems*. . , ^ - ' 



VIII, Hydrological Study * The stu^y of the-physical movement q.^ water on the site 
both temporary (due tcJ rainfall) and constartt (due' to' c^'reeks and rivers), 
A. A*'planner uses'a hydrology map to aid in ^rosion^ control and in'flood 
■ control, * ' . ' 

. ' . ^1) Erosion is the graflual wefaring away and removing , of the earth's. sc^il 
by eithflr wind or'water, , / * ^ ^ ■ 

* -2) Controlling flooding is^ one.or;tf^e most important aspects of /le&ig> 
' ' 8y determining areas which are^most likely to flood, the planner c^n^ 
refrain from^ building in,.the£e 'areas. By considering the situation . 
. s and planning *for gqod drainage, in times of large rains",^ the planner 
^ can b^tt^r control f)og^^k^pTsi - ■ ' . * . ' * 

&, A.hydrology"map:cdn be' calcyjateil -in ^n^' of two"v/ays: K,By using a slope 
■*.^,niap,' or 2. "By,5ttidy^n5 a cOritour map* ^ ^ \ * / ' "^ ' ^, ^ 

r) By using a slope map determine tbie flow of irain waters off 
- sleep 'slopes-onto low. plains* th^ planner gan begin to map arenas 
which migKl^*.fiood/' /ou^should also map areas where there is a 
continuous -flow o'f watei^.. MaVk^the direction you think the water 
' ' would njgve touting off the slope, remembering that i'n theory-water 
run5 perpendicular to,,the contours and always t^kes the easiest 
. \ » route, . / . * ' 

^ 2) One would 'use a contour map jwch like a. slope map. Follow steep areas 
' ' ' (or areas with close contours')^ into* low plains (or areas where 

contours are further apaft) and map th.ese areas usir^g arrows^^o give 
the direction of tiie wat^r; Also hap- areas where there is a ' 
\^ !continuous^ floitf of^water, ' - j 

* 

JX, Geological Study *A study of the rop k .and mij^erals \ying beneath the sojl 
layer -on the site, Jhis jstudy includes irtform^tioh on the' building 
potential of the bedrock layer in £he ar^a,* 

*A, The planner^annot do this stu^y alone*, and therefore mus.t rely on 

U,SJ Geological Survey data, ' ^ ^ . 

B' Locate and secure a map of your county from the U,S.^ Geological Service 

and pinpoint ydur site on this'map usin^such landmarks as railroads* 

highways, c|[*eeks and rivers. 
C,'. rn inast cases a geojogical. survey is not needed* unless the site is very 

large {200 acres or so) oi^ there will be an Extensive building program 

in the developpjent of the'^site. 



X, Climatological Study- The study^ of the average snowfall > rainfall and 
teniperatures irv the^seasonal changes of an ar'^a, Vou will be able to find 

^ -this material from the local weather service. This material will probably 
be compiled in a small booklet which. >^ill explain weathent occurrences in the 
area.. ' ^ . 

A, Snowfall, The information about.the average snowfal T wil 1 help in solar 
estimations. - * ' 
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B, J?ainfalK Know^^)g the amount of rainfall in an area wil) enable you to 
cajculate the number of overcast days. 

C. it IS very important to know the average temperature in each s^son in 
■order to calculate the use of natural systems and the energy of" natural 
systems. One important factor not mentioned in most weather books is the 
effect of humidity on "t^he temperature. These differences can be detected 
throug'ht the use of dr^ bul b and wet bu 1 b thermometers. 

I, A wet bu^b thermometer can be maHe by placing the bulb of the 

therffiometer into cottt)n g^uze and then into a saucer of water, [See" 
^Figure 10.1) ^ ^ . 



"THERMOMETER 



fig. IO;i 



'GAUZE 

"BOWL WITH WATER. 



A dry bulb thermometer is any common- thermometer found m a store. 
The wet bulb/dry bulb relatlcmship is best demonstrated by a theoretical- 
example. When the dry bulb readings of Phoenix, Arizona (dry climate/ 
\ow humidity) and Savannah, Georgia (wet climate/high humidity) a^re t)oth 
70 degrees ^Fahrenheit, the .wet bult> temperatui^es can differ by ^s rouch 
as 15 degre^. Phoenix, Arizona might be 60 degrees because moisture 
from t+ie "wet t>ulb reading evaporates Into the air, wKich causes a 
cooling effect. ^ Savannah, on the other hand, has such high humidity 
that there is, less air space for moisture to^ evaporate iato; yius, ^ 
there will^be little difference between we- and dry bulb readings. Wet - 
bulb measurements in Phoenix could be 60 degrees, while' Savannah might 
b^e 68. degrees. (See Figures 10,2 S J0.'3} , 



€0^ :F 



low ■ ' 
hurhidtty* 

fig. 10.2 




♦ ■ ■ . 



high 

^Iwmidity 

■ . * 

■fig. ld.3 



3. High humidity ^s seldom a desired factor in any temperature, Inr the 
summer* Jays are. "muggy" because highly saturated air prevents 
evaporatiorv which is necessary for'natural cooling. In the winter, 

^ the moisture in the air will xool and fall to the ground frost. 



XI. ,Wind *Study - The study of the seasonal changes in direction and intensity in 
the wind. .ChartS^of wind direction intensijty can be obtained for . 
particular areas from the National Oceanic'ahd Atmospheric^Administration^ 
Nationa^ CI imatic Cen^ter^ >ftsheville* J^orth Carolina. . ^ 
A. Direction. In North Carolina, the winds are generally from the southwe?^t, 

but duri nq 'August, .Sept ^mbgr and Ocjto ber , the wind direction reverses and 
^ comes from the northeast. ' ' ^" ^ 

6. Wind Principles, T^o properties 0/ air;^ressure and ^^elocity] will 

change inversely when trte current>'encouriters an obstacle. 

1. When velocity incr;eases, pressure.rdrops. . . ' 

2. When velocity, decreases. Pressure will increase. i^See Figure ILl) 



high presSQre 
low velocity 



A. 



high pressure 
low velocity 




Sometimes referred to as the Venturi Effect, this channeling of wind to 
increase air speed is often used-fto enhance the performance of. wind 
generators. 

1. ' Winds always will follow the course of least resistance. 

2. Wind currents can be classified as either laminar or turbulent. 
(See figure 11.2) 



laminar 
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fig. 11.2 
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XI K Sun Study 

The sun*s path, though complex* is predictable for any geographic area, Knowledge 
of the sun*s movement across the sky will enable you to manipulate landfomiSj 
^S^tation and the built environment in order to meet -the needs and requirements 
of a particular region. Knowing the degree to which the site Is affected by the 
^'sun throughout the yeav will allow you, the designer, to create a successful 
'System, without the need of guess work, ' ' . 

A, Orientation i5 critical in order to accurately plot the sun*s path. There are two 
different north directions* Host maps^ unless otherwise specified, are oriented 
to iMtgnetic north. True north is considered correct when charting the actual 
* solar path in reference to a particular site, Jxiifi, north can be derived from 
^ magnetic fiorth by using the adjustment figure which corresponds to the geographic 
location of the site,, (See. figure 12,01 ) 



NORTH 




I LINE '= I* CORRECTION 



fig, 12.01 



Id fig, U',01 the line labeled correct Q is the only reg.ion,in which true' 
north and magnetic north are one in the same* All other areas will need to ^ 
add , an additional arrow designated "true north", 

A base map (magnetic north orientation) can be corrected to true north by: 
„ 1, Finding the site location on the tJ.S^ map* 

2, Finding the adjustment figure which corresponds to site location* 

3. Adding this figure to the existing north orientation angle and 
adding a new true north arrow, (Use true north for solar; use 
magnetic north arrow for other site work*) 

The latitude of a site is another determinate when plotting the. sun's 
movement. Latitude determines the solar angle{altitude) as well as the 
solar path(a2imiith). See fig* 12,02 & 12,03* 
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C. Suirmer days are?" longer and winter days shorter because of variations in the sun's 
path throughout the seasons. (See/igure 12.02) 
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0, The surv always rises to its greatest height in the sky during the suimwr months 
'of ^une, July and August. In the months of November* December and January the 
sun is at Its lowest point 1^ the sky. {See Figure 12,03} 



36* Latitude 



sun angle 



summer 
sun 




buildings 

fig. 12 03 
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The total number of solar hours in a day is directly proportional to the sun's 
angle in the s1iy. In the sunnier months (June, July and Augiist} the total of 
solar hours is greater than in any other sea^n; [See Figure 12,04] 
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Proportionally, the vrtiit^ months receive the smallest number of solar hours. 
(5ee Figure 12.05). ** . ■ ■* - 
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fig. 12.05 
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Solar racUatlon 1$ filtered by earth'-s atmosphere before It reaches ther planet's 
surface. The remaining light, which >/e call sunMght, -is comprised .of ultra^ 
violet radiation, visible light and Infra-^red light. Ult^a*v1o1et light causes 
sunburn as well as discoloration and fading of materials. Visible light contain!^ 
all the colors^ of the spectrum*, Infr4-red provides the major , Source of heat 'i 
found In sunlight. (See F1gure'l2.06) * 
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The' degreje to whichj available sunlight is filtered de^nds on the clearness of the 
day. Albuquerque, New Mexico, while located on the same latitude as Raleigh, 
North Caicollna, receives mote solar radiation than Raleigh because the days are 

' not as humid ami, therefore, ^ot as^doudy^ln Ne^ Mexico.' The degree of 
cloudiness for 4ny arta is nofted as^t» ^^S^ Is called the cloudiness index. 

- (See Figfire 12,07)- ' ^ ' . 



The sum of a11 forms of radiation falling on a given surface is defined 
as the Total Solar Heat Gain, and is expressed In square feet. There are 
two variables affecting Total Solar Heat Gain. 

Month 

Surface Orientation 

Knowing the effect which each of these variables have^ alone and In 
combination, will allow /ou to make use of passive energy principles f6r 
heating and cooling as-well. 



Using Greensboro^ North Carolina, as an example: 
Greensboro, hC\ Latitude 36*^ 05* N.; Elevation 891 ft. 



Days 



Month 


■ R 


^t 


Jan 


743.9 


.469i 


Feb 


1031.7 


.499' 


Mar " 


1323.2 


.499 


Apr 


1755.3 


.543 


May 


1988.5 


.554 


Oun 


an. 4 


.563 


gui 


2033.9 


.552 


Aug 


1810.3 


,.538 


Sep 


1517.3 


,527 


Oct 


1202.6 


,531 


Nov 


908.1 


.501 


Dec 


690.8 


.479 



■9/ 3 



31 

31 
30 
31 
30 
31 
31 
30 
31 
30 
31 



taken from SOLAR RADIATION DATA FOR 
HORIZONTAL SURFACES. PAGES 59-64. 
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This information was taken from the tables at the back of this section which 
the average daily solar radiation (R) for each month. In addition, the tables 
list the cloudiness index for each month* A latge Kt (cloudiness i ^ 
indicates sunny/clear days. A small tt value represents cloudy ove 

The monthly values" given for W (monthly average daily total radiation on a 
horizontal surface)* have already taken the cloudiness index into account. 

To find the total amount of radiation falling on a horizontal surface f<Jr an 
entire months simply muttiply W (monthly average daily total radiation on a 
horizontal surface) by the Rumber of days in that month. For Instance, on an 
average day in January 743*9 BTUs /ft^ fall on a horizontal surface* 



ndex) 'value 
overcast weather. 



January = 31 days 

iW) X (number of days in month) = Hf (monthly total) 
(743.9) X (31) » 23060.9 BTlls/ft2 



list 



Completing the table will *g1ve the total solar radiation falling on a 
horizontal surface for each month* ^ ^ 



Month 


"t 




Jan 


23060.9 




Feb 


29919.3 




Mar 


41019 .g- 




Apr 


52659.0 




Hay 


61643.5 




Oun 


63342.0 




Oul 


63050.9 




Aug 


56119.3 




Sep 


45519.0 




Oct 


37280.6 




Nov 


27243.0 




Dec 


21414.8 
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This graph shows the total solar radiation per square foot, falling on a 
horizontal surface, for each month of'an average yrar. 
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H. The calculations convert factors to R factors (average daily radiation on . 
a given tilted surface). This has b^^n done for you for various latitudes 
and tilts in the SOLAR fiADIATION DATA FOR INCLINED SIJRFACES section {pp.55- 
70), Having found the R factor for ^a desired latitude and tilted surface* 
one can u^e the following formula to calculate the total $olar radiation 
falling on^ a tilted surface for a given month. 

(R X R) X fdays of month) ^ BTU/ft^ 



Using: Latitude 36 5*N» Greensboro, NC. (Use Latitude chart for 35**) 
Vertical Tilt, 90° 

The^^ values of TT^ for each month when converted to W (^= vertical tilt) are: 



Month 


JT 


H* 




Days 


^Jan 


1.35 


743.9 


.469 


31 


Feb 




1031.7 


.499 


29 


Har 




1323.2 


.499 


31 


Apr 


.55 


1755.3 


.543 


30 


May 


0.4 


1988.5 


.554 


31 


Jun 


.32 


2111.4 


.563 


30 


Jul 


.36 


2033.9 


.552 


31 


Aug 


.48 


1810.3 


.538 


31 


Sep 


.68 


1517.3 


.527 


30 


Oct 


1.03. 


1202.6 


.531 


31 


Nov 


1.28 


908.1 


.501 


30 


Dec 


1:48 


690.8 


.479 


31 



taken from SOLAR RADIATION DATA FOR 
INCLINED SURFACES/ PAGES 65-82. 



* The values forF remain the same. 
To find the total solar radiation falling on a vertical surface the^equation is: 
(F X 10 X (days 0/ month) = BTU/ft^ 
Example: January 



(F X 10 X (days of month) = BTU/ft^ 
(743.9 X 1.35) X (311 - BTU/ft? 

1004.2 X 31 = BTU/ft^ ^ . 

31132*2 « BTU/ft? 

This figure represents the total solar energy falling on a vertical surface for 
the month. of January (In Greensboro, North Carolina). 

*^ 

CompTetihg the table for these values gives: 



Month 




Jarr ' 


31132.2 


Feb 


34407.1 


Har 


32815.3 


Apr 


28962.4 


May 


24657.4 


Jun 


20269.4 


Jul 


22698.3 


Aug 


26937.2 


Sep 


30952.9 


Oct 


38399.0 


Kov 


.34871.0 


Dec 


31693.9 
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Adding the vertical tilt data to the previous chart: 
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ThU graph <;hows the tot'al solar radiation per ^^quare foot falling on both 
horizontal and vertical surfaces for eacbL month of an avera(je year. 



Additional data for surfaces with 50^> tilt, 55^ tilt, and 20^ tilt can be 
calculated and added to this graph to give a total picture of the relationship 
of tilt to available solar energy: 



ontti 


R 




R 


TflTAL 


Jan 


743,9 


.469 


1.56 


35975.0 


reb 


luil , / 




1 A 9 
1 .4£ 


IcHtSD .4 


Mar 


1323.2 


.499 


1.15 


47172.0 


Apr 


1755.3 


.543 


.95 


50026.0 


Hay 


1988.5 


.554 


.85 


52396.9 


Jun 


2iir.4 


.563 


.77 


48773.3 


Jul 


2033.9 


.552 


.79 


49810.2 


Aug 


1810.3 


.538 


.88, 


49384.9 


Sep 


1517.3 


.527 


1.07 


48705.3 


Oct 


1202.6 


,531 


1.33 


49583.1 


fiov 


908.1 


.501 


1.51 


* 45495.8 


Oec 


690.8 


.479 


1 .67 


35762,7 
. \ 


Jan 


743.9 


.469 


1 

1 .47 


joo99 . b 


Feb 


1031.7 


.499 


1.37 


40989.4 


Mar 


1323.2 


.499 


.1.17 


47992.4 


Apr 


1755.3 


.543 


1.03 


63492.8 


May 


1988.5 


.554 


.93 


57328.4 


Jun 


2111.4 


.563 


.88 


55740.9 


Jul 


2033.9 


.552 


.90 


56745.8 


Au9 


1810.3 


.538 


.98 


S 4996. 9 


Sep 


1517.3 


.527 


1.12 


509 sr. 2 


Oct 


1202.6 


.531 


■ 1.33 


44583.1 


Nov 


908.1 


.501 


1.45 


39502.3 


Dec 


690.8 


.479 


1.63 


34906.1 
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Jan 


743.9 


.469 


1.32 


30440.5 


F^b 


1031.7 


.499 


1.27 


37997.5 


Mar 


1323.2 


.499 


1.14. 


467.61.8 


Apr 


1755.3 


.543 


1.00 


55818.5 


Hay 


1988.5 


.554" 


.98 


60404.5 


Jun 


2111.4 


.563 


.96 


60808*. 3 


Jul 


2033.9 


.552 


.97 


61159.3 


Aug 


1810.3 


.538 


1.03 


57802.8 


Sep 


1517.3 


.527 


1.12 


50981.2 


Oct 


1202.6 


.531 


1.25 


45855.1 


Nov 


908.1 


.501 


1.22 


33236.4 


Dec 


690.8 


.479 


1.37 


29338.2 
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Imposing all fivtf sets of data onto the. same graph will show the relationships of 
solar absorption to the incline of surface,, * 
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The data for jilted surfaces demonstrates why attics are extremely hot during the 
summer .time, in most conventional housing. The walls and windows (vertical angle) 
of a typical home* on the other Band, are extremely efficient and well suited to 
sumnwr condi tions , 



1, Data srhould be analyzed and compared to the requirements of the area,- Surface 
orientation should be selected so that solar collection is minimized during warm 
months and maximized during cold seasons. 
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During winter-months the majority of useful solar radiation falls between 
9:30 A.M. to 3:00 P-M. To insure the effectiveness of a solar structure, 
adjacen^t areas should be free of ^ny obstructions which would prevent or reduce 
solar gain during months with outside temperatures below the comfort range 
(68*F-78!*F)^ This. does not mean that an area ne*jd be completely free of 
vegetation or other structures^ Overhang is aji obstruction to suitmer solar gain 
but still permits sunlight to enter during winter. (See Figures 12<08 4 12.09) 



A tool used to determine the position and height of objects in relation to the 
solar path and angle is called a sun chart. Sun ch-arts for various latitude 
positions are included at the end of this section,. Each chart sho^s the path and 
azimuth (angle) of the sun for each month. Each path includes the sun*s moveFDent 
from sunrise to sunset, (See Figijre 12.10) 

Example: 36^ North Latitude 
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fig. 12.10 
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Combining the altitude-arid azimuth angles locates the sun on. the chart. The sun's 
position tel^l^-us that til&date H^r\e 21 and the. time is about S\Z5 A.M. 
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Determining the position and height of obstructions on the sun chart will giv^ the 
months and times of day during which your reference point will be obstructed from 
the sun'^ rays. 
To plot the skyline: 



,1. Stand at the position where the-proposed buildinq is to be 
located(reference point). - ^ ' 

To get a gene raV feel of the site in terms of solar access, 
a single reference point will work. 

2, Mark the reference point with a rock, stick, golf tee, etc. 

3, Using a common compass^ find magr^^^t4C south. 

4, Correct the orientation(uSing the chart on page 19 of the 
core section) so that you are facing true south(solar southj . 
Mark the position of true south in relation to your 
reference point, 

5, Knowing the true south dii^ection and the reference pointy 
mark also the norths east^ and west directions, 

6, You are now^ready to translate the surrounding site features 
onto the sun chart, 

7- First t locate objects which are closest to the reference 
point, ^ ^ ' , 

Vou need only locate objects which lie to the ea^st, souths 
and west direction^, from the reference point. 

8. Using the compass, stand at the reference point and pick 
an object on the east/south/west horizon. ^ 
Which axis is that object closest to (east? west? south?) 
In figure 12A2, for example^ notice the building close to 
the west axis. 

One corner of the structure lies on the west axis. The other 

corner lies 30 degrees south of true west. 

Hark the^e two coordinates on your sun chart(see figure 

12.14) 

Follow this same process to locate other objects. 

9. Now calculate the height of the building. ^ 
Standing at the reference point, look straight a't the 

} building, , ^ I 

Now>^ raise your line of sight to the top(roof) of that 
^ structure. 

How many degrees difference is there between a level line 
of sight and a line of sight directed at the roof; (Estimate) 
In this instance(see^figure 12,13) only 10 degrees of .angle 
exists between eye level and an immaginary line touching the 
top of the roof, 

Mark this on the sun chart as well, . 

10, You can now approximate the height and location of that 
structure on the surr chart. * 

11, Follow this process to locate and calculate the^rough height 
of other objects*/, 

12, Remember, perfe£tij>n is jiot necessary* We are merely trying 
to estimate the location of relative objects in order to 
determine how they will affect th* amount of sunlight the 
reference point y^ill receive and during what times of the 
year this will coine into play. 



M, This diagram shows how a compass can be used to graph the-size (length) of an 
object by taking two readings^ one reading taken'by locating the extrerm? left of 
the sha^e and one taken frotrr the right hand margin, {See Figure 




96" 



reference 
point 



fig. 12.12 



N- This diagram demonstrates hpw to detenning the height of an object by est;imatinig 
the angl^ it makes to an imaginary horizontal plane located at eye level, 
(See Figure 12,13; 



eye level 
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0, Imposing the objects onto the sun chart, shows only the Urge tree as an 

obstruction to solar gain in th/ winter months , This tree is deciduous, however, 
' and should be indicated with a dotted line since it drops its leaves at the 
beg'Tnmng'of the cold season (close groupings of deciduous trees wi 1 1^ pose an 
obstruction to solar gain, even in tl>e winter). (See Figure 12.14) 
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^RADIATION ANO OTHER DATA FOR 60 LOCATIONS IN THE UNITED STATES AND CANADA 
(H = Monthly average daily total radiation-on a horizontaL surface, Btu/day-ft ; 

' the fraction of the extra terrestrial radiation transmitted through the 
atmosphere; t^^ = ambient temperature, deg'F,) 
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* Liu, B.Y.H. and Jordan, "A Rational Procedure for Predicting The 

/ Long-Term^ Average, Performance of Flat*Plate Solar^Energy Collectors/ 
Solar Energy , Vol , 7, No. 2, pp. 71*74, 1963. . ' 



£1. 13 ft 



Edmostoa. Alb«rU 
£1. 3219 ft 



^2, 

i 



£1 Ptto. Tm« 
Ut 31*44' 
£1.3916 ft ^ 

Ut. 3917' 
D.63tt2ft 

Ut. «*49' N. ^ 
£L 436 ft 

Fori Worth. T«x*j 
Ut.32*^ N. 
D. M it. 

FmA«. C*ltf. 
Ut. 36*46' 
EL 331 ff, 

GiJoe«*Ulc, Fit. 
Ut. 39*39' 
£1. 165 ft 

Glt^lOT. Most. 
Ut.48n3'N. ^ 
£1. 227T ft 

GrinSl^uoctioa, Colorado 
Ut. 39*07^ K. 
£1. ^9 ft 

G^p^ Uk«. Goto. ■ 
UtWiy N. 
D.iM ft 

Grut F«lUt Moot. 
Ut. 47*29^ N. 
36H ft 

Gracuboro. N, C. 
Ut. 36W S 
£1.691 ft 

Gnffio'. d«orti4 
Ut. 33nS' nT 
D. 980 ft 

fi«tt«rw. N- 
Ut. 3513' Hj- 
7 ft 

ladUaipolit. lad' 
Ul. a9«44'N. 
EI. 793 ft , 

Iftvoktm. C«ltf. 
Ut.35'39\S 
£1. 3440 ft 

itht«s. N y. 

Ut. 42*27' N. 
£1.950 ft 

Ukc Chirtet, U. 
Ur 30*13' N^' 
^1. 12 ff 

Uadtr. Wyo 
Ut. 42*46' N. 
El^ 5370 ff 



R 



R 

u 

I 

u 

I 

(« 
a 
I* 

I 
i 

u 

ft 
R, 
I* 

R 

R, 
U 

1 

i. 



I. 
i 



R 

R,. 

(• 



iM 

504J 

32.2 

331.7 
0,539 
10.4 

124T.6 

0.«8G 

47.1 

ST1.6 
0.616 
27.3 

06 

0^639 
-7.0 

936,2 
0.530 
4S.1 

712.9 
0,4^ 
47.3 

1036,9 

0«S35 

62.1 

572.7 
0.621 
13.3 

SiS 

0.397 
36.9 

733 

0.341 

U.3 

324 

0,353 

35.4 

^43.9 
0.460 

42.0 

889.6 
0.313 
4S.9 

8Bt.9 
0.346 
49.9 

336.2 
0,380 
31.3 

1146^7 
0.716 
47.3 

434.3 
0.351 
27.2 

8D9.2 
0.473 
55.3 

766.3 
0 65 

30.2 



F«k 

762.4 
0.431 
31.6 

632.4 
0,585 
14 

1612.1 
0.714 
53fri 

13S5 

0.660 

33.1 

383. 4 
0.356 
0.3 



1132.1 
0.469 
39.0 

1165.3 
0.634 

3046.7 

0.T30 

38.7 

1749.81 

0.693 

39.3 

860.3 
0^674 
13.0 



11993' 1597,6 



0.341 


0.577 


53.3 


50.6 


1116.6 


1653.6 


0.551 


0.632 


53.9 


39.1 


1334.7 


1633 


036 


0,368 


.63*1 


67.3 


963.7 


1437.6 


0,676 


o.6n 


17.3 


31.1 


1310.7 


162^.9 


0.633 


0 643 


35.0 


44*6 



1392.1 
0.449 
48.3 

1341.7 

0.364 

43.9 

2447.; 
0,741 
67*3 



2103. 
48.3 



1704.8 

0.480 

3S.9 



1900.^ 
0.358 
55.4 

3673 

0,743 

73.7 



03.3 

6St"T641 



1481. 3) 
0 647 
32.2 

1829.1 

0.356 

68.8 

65.6 

1956. 4| 

0,387 

72.8 

1741 .3^ 
0,59^ 
47.8 



649 

37.0 

I806'2j 

0,546 

50.3 

2103,1 
0,383 
73.9 

2409.3 

0.672 

73.3 

1934/; 
0.338 
79.4 

21273 

0.611 

39.3 



1958. 3 

0.320 

67.3 

191 A 

0.314 
61.3 

3731 
0.733 
84. 2 

2649 

0.704 

65.4 

19T0.8, 

0.329 

62.4 

2437.61 

0.634 

H^O 

3641.7 

0.703 

80.7 

1960.9) 
0.531 
83 4 



3361,6] 2414, 7t 
0.603 
67.3 



J«J7 

I8n.8 

0.311 

74.1 

1964,9 

0,349 

66.6 

3391. 
0.653 
84.9 

2417 

0,656 
74.3 

1702 91 

0.485 

63.8 



1607.4 
0.489 
72.8 

1338 

0,306 

63.2 

2350.3 
0 669 
83.4 

2307.7 

0,693 

72.3 

1247.6 

0,463 

58.3 



1363.8 

0.508 

63.9 

ml 3 

0.506 
34,2 

X77.5 
0 693 
78.3 

1936 

0.696 

63.7 

600.6 
0.419 
47.1 



Oct 

996.7 
0.49G 
56 

704.4 
0.504 
44.1 



636 2 
0.431 
46 

413.6 
0.310 
26.7 



1704.ff 1324.7 
0.695 0.647 
69*0 I 36.0 



2293 3; 23164: 1880.8 



0,624 
87.7 

3312 21 

0.682 

87.3 



0.653 
88.6 

2300 : 
0.686 
^84^ 



1895 . 6r 1873 8 
0.319 0.347 
83.8 ( 84.1 



869.4 
0.395 
27.6 

1031.7! 

0.499 

44.2 



1135,8 

0317 

^1.0 



3003v3* 3300.3. 3645.4 
0 632 ! 0.643 I 0^704 
35.8, 66.3 73.7 



1135.4 1379.3 
0.613 I 0.637 
23.1 128.3 



1369.7 

0.631 

35^ 

1333. 2< 

0.499 

31.7 
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1631.4 
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1974, r 
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48.7 I 

1970.3! 
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.37.5 
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69.9 



2163^ 
0,601 
74.6 
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01.3 ] 09^9 



1354. 2t 2l36.9i 
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65^6 
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56.6 

2n9.; 

0.380 
84.3 

2111.- 
0.563 
78.0 

2176 

0.583 

8t.2 

3438 
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77.2 

3042 

0.543 

74*8 

3108:8 

0,830 

80.7 

.3035.i 
0.538 
68.9 j 

2213.3. 

0.597 
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2492,2 
0 662 * 
65.4 . 
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0.6QQ 
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63.8 
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0.6M 

73.8 

3033 9 
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^563 
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0,634 
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0.634 
81.3 
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1613.1 
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S3 

1531 
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61.2 



1078.6 
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39.9 
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0.47 
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1715.8 
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1536.51 

0.626 
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45.2 30.3 



521 
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1051.6 
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0.64 
31.1 * 
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906.6 ' 610.6 
0.512 I 0 44 
57.3 ^> 48.9 



1169 7 

0.537 

67.2 

574.9 
0.516 
31.0 ^ 

969.7 

0.59 

42.0 



919.5 
0.50S 
63.4 



1832.1 1513.3 
0.552 I 0.549 
77.4 I 70.6 



2759.4 

0.820 I 0.834 
84 9 ; 78^6 



984.9 
.0.574 
51.4 

1302.6, 
0.531 
62.7 

1332 4 
0.565 
68 

1337.6 
0.38 iiL. 
67.9 » 



375.3 
0.503 
38.0 

908.1 
0.501 
51 .5 

1073.8 
0.545 
57.3 



; 428.4 
I 0.548' 
■ 18.6 

I 793:4 
0.631 
I 31.4 

1^660 5' 
, 0.342 
2^ 6 

420.1 
O.51I 

39.1 

] 690 .8 
0.479 

781^ 
0.487 
49.4 



1094.4 
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2409.2^ 1819 
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44.2 
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measures 



Metric Prefix ' " Comuon Usage 

.nano 1 bill ionth 

micro < ^ 1 millionth 

milli 1 thousandth- 

centi 1 h^ndi^edth 

kilo ^ ' 1 thot/sand 

mega 1 mil"! ion 



Scientific, Notation 

10.2 
IO3 ^ 
IO5 
10 



energy 

1 Brrtish Thermal Unit (Btu) 



1 Calorie 

1 foot-pound , 

1 joule \ = 

1 ^iloyratt-hour " . = 

energy density 

1 xalor^sq, cm. = 
1 Btu/square foot 
1 lang.1^, 

power ttensity/ 

1 cal//sq, cm./min, ' j^^^ 
1 watt/sq, cm: ' 



251.99 calories 

1055,06 joules 

,0002^287 1c14<itfatt-hours 

.003968 Btu 

>324048 

1 watt sec 

3414,43 Btu 



3,68669 Btu/sq, ft. ' 
.271246 calories/sq. cm, 
1 calorie/sq* cm. 



22K2 Btu/sq- ft, /hour 
3172 Btu/sq, ft, /hour 



r 



power 

1 8tu/hour 
1 watt 

flow rate* 

1 cobic foot/minute 
1 liter/minute 

velocity 

1 foot/minute 

1 mileihour / 

1 kilometer^hour"/ 



4.2 calories/minute 
;292875 watts ■ 
1 joule/sec 



.471.94? culSic cm, /second 
,0353 cubic feet/minute 
.2642 gaMons/minute 



.508 centimeter/second 
1.6093 fe^lomet^r/houV 
.621 mph ' , 
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niass/weight 

1 pound 

r)ton * . 

1 kilogram 
1 metric ton 

liquid wlume 

1 gallon 



1 quart 
1 IHer 

dry volume 

1 cubic foot 
1 cubic yard 
1 cubic inch, - 
1 cubic centimeter 
l^bic meter 



area 






1 square 


mile 




1 square 


yard 




1 square 


foot^ ♦ 




1 square 


inch 




1 square 


centin»eter 




1 square 


meter 




1 square 


kilometer 




1 acre 







length 

1 mile 

1 kilometer 

J^yard f 
1 n»eter 

1 centin»eter 

1 inch 

1 foot 

1 angstrom \ 



temperature 



16 ounces 
' ,45359 kilograms 
907 kilograms . 
2.2046 pounds 
1000 kilograms 
2204,6 pounds 



4 quarts 

3.7854 liters 

231 cubic inches 

.9463 liters 

1000 cubic centimeters 

l.lj567 quarts 

.2642 gallons 



28-.317 liters 
.7645 cubic meter 
16.387 cubic centimeters 
.06102 cubic inches i 
35.3145 cubic feet 
1000 liters^ 
1.308 cubicVyards 



640 ^cres 

2<59 square kilometers 
."836 square meters * 
.0929 square meters ^ . 
6.4516 square centimeters 
, 155 .square inches* 
10,7639 square feet 
1.196 square yards 
<3861 square miles 
43,560 square feet 
4047 square meters 



= ■5280 feet 

= 1.6093 kilometers 

= 1760 yards 

- .621 ^iles 

- 1000 meters 

= .9144 meters . 

= 39*37 inches 

= 3.28 feet 

= ,3937 inch - 

= 2.54 centimeters 

= .3048^meter 

= 1X10" centimeters 



5/9 { 1^ - 32) 
9/5 ( C + 32) 
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' Landscaping foV 
Energy Conservation 

1 




landscaping for energy 
conservation 



/ 



introduction ^ \ 

. / ■ • 

Plants can be used not only as'design elements but as functional units that can 
have significant impact on the amount of energy required to heat or cool buildings. 
This concept is not a new idea, for it ha^been practiced by (pan throughout 
history, ijuring recent yea the geifer^ -pi^blfc and the professional designers 
have not shown any interest in this concept beca'use energy was cheap and readily 
available. This is no l(*nger the case^ and th^ use of landscarping for energy 
conservation must receive recognition on thft^basis^of sheer economics. The U,S 
General Services Administration predicts energy costs will double in the next. five 
ysars. Energy optimized buildings will be a necessity for Jyrvival. 



* 
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History. Early Americart Indians demonstrated an acute awareness of the earth- 
sun relationship in ^heir desert cliff villages. Note the use of the landforrfr 
as a passive solar system, (See Figure 1.1) 

The ledge above shields the cavern dwellings from higfi surtmer sun-the mass of the. 
walls feels cool to the touch. This works onljfr with' south facing openings- Not 
onVy is' it very comfortable in the summer; but in the winter the sun lower ' 
inVHe south, filling the cjiff dwellings with sun. During the day, the sun 
walpS the stone walls which hold the heat for nightf relerase. ' Indian* lyick or geni^'sl 
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^11. Energy Consumption Cost Analysis {See Figure 2.1). This analysis is based on 
" Carolina Power and Light Company-data for the Raleigh area* Note that the 
' typ'ical cooling cost is 40^S, the typical heating cost is 25^, the typical 
lighting cost is 255i/with the other cost at 10^ for a typical facility. 
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According to another source, sp^ce ^heating and cooling represents ZZ% of 
nation's energy consumption. Proper use of landscape plant'ings, the propet 
orientation of- buildings and building openings, and the proper insulation of 
window^ could save 20 to 25% of the energy required for heating and cooling: 
Carrying this concept further, we can identify one other area for energy 
conservation* the usb of lighting only in areas where a task Is being 
performed as opposed to a large generalized ifse" of lighting, which created 
a lot of heat^. ,Th1s heat works well In the winter months, but in the summer- 
month? this fighting energy must be eOoled by cooling energy. 



f 



light ^ heat 

Remember this fonmila for it. will cpntroJ all ot-ypur conscious thoughts about 
energy "eonservation. There are four areas which "are- instrurnerital in achieving y 
lower heating/cooling costs, (See Figure 2,3} We-will be deal:in'g i/i .this __y- 
, course primarily with c&ncepts pertaining] to landscape and orientation, ' / 



if 



ENERGY OPTIMIZED BUILD|feK3S 
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HI*. Site Orientation. In Horth Carolina* we ar^e located within the Solar Belt (See 
' Figure 3,1)* The Sol^ar Belt is defined as the area within which the amount of 
solar energy in hours ■per' year reaches at least 2,800-3*600, amount which 
can be significar^'tly \jted as'a positive energy SQurpe or,tmjst b$ coped with as 
a ne^^Jt^ve force requiring energy.to cool our environment for living and working; 
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2,806-3,600 

solar nours annua 



syr^ belt 
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sun pdth 



fig. 3,3 



For example^ if a typical house j>s built in our piedmont, every §0 square feet 
of unshaded west facing window space in the house will increase th^peak air 
conditioning deinand in'the house by approximately a ton. The s^mte happens to 
a lessar degree on the east^fadf^g window space when the low angle spring and 
fall sun strikes trie glass surface. {^5^^ Figures 2 A and '3.5) 



As the sur\'s path is shortened or extended, depending on^the season^ certain 
facades of the building will receive varying amounts of-direct sunlight. On 
a true south oriented structure, the south face receives ^^proximately the 
same number of solar hours regardless of the season. The east and west faces» 
however^ receive much less sunli^t in the winter than in the summer. In the 
Piedmont^ on a true south facing building^ the south facade will collect 
approximately six hours of direct sun every day of the year. The east and 
west faces combined will collect approximately four hours in the v^int^r and 
eigW tours iJi the suniner, - , 
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By interpolation we can see that-the east and west. faces receive approximately 
sU hours of heated low angle sun in the-spring and fall months. It is not 
uncomnon for irtany of oar buildings to be running a cooling cycle for eight 
tnpnths out of. the year, versus a heating cycle of only four mpnths. To reduce 
sunmer cooHng expenses, plant deciduous'trees^on east and west facades as 
weU as the south face. 
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When selecting a site for development^ certain qualities should be kept in 
mihfi. / ' ^ ^ * 

1. Sit^e orientation fop/^southern exposure ts des1ra!>le. Solar energy and 
attention to natural systems and forces can be beneficial to conventional 
buildings as well^s **solar** structures. A desirable site will receive 
direct sunlight. 

2. ; If the site hai^a slope^ it preferably should be .south or near south facing. 

3. The proposed bailding locat^ionis) should not be obstructed "from solar 
gain by^truoxures on adjacfent properties, 

4. Wooded s/ite? With large trees already established are most valuabl^^ 
providing >the trees can be preserved, 

5. The siteyshould be well 'drained. Water resources which originate or 
cross a/^ite are ^Iso generally desirable. 

6. Soils /re ^Iso a consideration in site selection. ^If the *site is partially 
fillydirt^ it should be well, settled before any building takes place, 
5oil^composition should not be extreme(i .e sand or clay). Plant growth 
aivf drainage are the prfme concerns relating to soil composition, For 

curate analysis , ^oil tests and borings can be taken, to determine the 
'iiualtty of questionable soil. t 



IV.^ Influencing Factors. The major factors that affect human comfort are air 
^ tejijperature> solar radiation^ wind and humidity. Perception of heat or cold 
can be a result of any one or a combination of these influences. The bottom 
line for the use of energy in buildings »g ta establish a feeling of comfort.^ 
Through the us£ of proper plantings and landscape design^ a comfort zone can 
be Created inside* the building* For example^ the direct sun rays coming into 
a building through glass areas which have no protective overhang or tree cover 
{See Figure 4.1). Create^ inside the building^ a hot glarish climatic zone to 
^ work in with colder areas just beyond* These areas are Jt^ermed microclimatic 
variations for they exist as smaller climates within the larger/building climate. 
The only control in the buildiiig is through internal means or by changing clothing. 
Through landscape design the impact of microclimatfic variations can be tempered 
to help insure one*s feeling of thermal comfort. 



Screen plantings and earthfonns can be utilized on northern exposures. and 
entrances to insulate from winter winds. Deciduous trees can be used to filter 
light and provide shade in suimner tirne^ while allowing penetration of direct 
sunlight in winter. Groundcovers and shrubs can be'used to cut glare from hard 
paved surfaces. * * / \ 




The Difference Betweem Climate and Microti iniate* "There is an important 
d'istinction between c1imat;js and microclimate w^ich must be understood r)efore * 
effective landscape design can be accompl-ished . ' ' ' - ^ 

Climate Vefeir^s t& the general character of temperature; solar radiatiQn, ■ 
humidity^ wind, and precipitation that pt^evails over a region of c-onsLiderable ^ 
geographical area. . . , 
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Microclimate refers to the specific or localiie^^i character of each of -these 
elements as they are npdified by_ local typography, slope> orientation^ 
vegetation^ presence df wa^ter>" buildings^^and other landscape elements such 
as fences; walls and pavements. All site characteristics are tools which 
should be used to create a'mitroclimate besfsuited to the needs of the 
client.. 
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VI. Temperature* The normal ^tolerable. average temperature range i's between 60 to 
80 degrees. If the [average falls above or below this' zone, , heating or cooling 
is required* The arfiount and duration of sunlight affects hfiat radfation'on 
structures and humans. There are several different types. of'Vadiation (See 
Figure 6.1). Depiqted are: 

1) Direct radiations from the sun* ^ . . 

2) Reflected radiations from UgKt ground, surfaces. 
3} Diffused/ radiations from and through clouds"., 




reflected 



types of radiation *fig. e.i 



/ 




VII, Radiation. ■ - . 

It tdkes a carefal evaluation of natural and structuraKmaterials to understarrd^ 
the' fult impact of these various types of ijpadiation. However, certain basitf ^ 
, assumptions can be made. The most stmple ^Relationship is ^the one whiclr ^ 
involves the selection of plant materials which will screen or deflect the 
direct and diffused r&diatipns from strikirig ,the gniurrd or building surfaces, \^ 

' Obviously^ the placing of fall cleciJuous trtees iJ^tween the we^t, 3outri and ea$t 
faces of the building would keep -these builjJing faces shaded ^rom t\m 
radiations in the spring^ sumer and fall 'while allowing the warming winter 
rafjiatlons through a's the le'aves are naturally drppped from the trees, - • 

.Trees must t)e selected which wi-ll grow fast and tall. The maples and oaks^ 
^ for example^ will grow'to a height of sixty, fe&t in Jthirty yeaif^s; whereas, 
Japanese n^ples and dogwoods will only reach twenty feet in thirty years.^ i 
, \ Fifty years waul^l find the mapVes and oaks reaching. a height-o/ eeventy to 
' ' eighty feet > whereas the smaller Japanese maples and ^dogwoocfs woirld remain at v. 
■ about twenty feet in height, A deciduous tree, as it changes throughout the ^ 
seasons, can be considered a passive system within itself. (See^ Ficf^res 7:1 ^ 
and 7.2) The maximum height and rate of growth are critical factors tn the ^ ' 
selection of plantfngs for controlling -radiation, {See F1gure'7.3) ^An'even 
more effective screenif^g of buildings can be accomplished by careful placiement \ 
of m^$ses of deciduous shade. trees. (See Figure 7,4) . . 

Vines have a potential when understood. With proper structural ^ > 

support vines can provide overhead shade. They can^lso reduce the . 
jjmount of heat gain when growtng^ori building w^Us, For example^ ' ' * 

" deciduous vines suc}^ as Bostoji Ivy could coyer the masonry/areas .of 
Q building and their: green foliage mass. becomes an insulating 
blanket fpr keeping the structure^ cool in the sunnier- ^ In the winter 
the leaves Would fall off, leaving the masonry elements open tt the 

*^ sun*s rJiys which would then allow the storage 6f^warmth-in these 
elements by day to become a thermal buffer during the riighttifne, 
(See^figures 75, 7.6 and IJM 
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deciduous tree. 




winter ■ deciduous tree 



12l 



19" 
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BBC 



OAK DOGWOOQ 

30" years 
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The examples shown in figure 7,7 depic? vTnes.grcwinq directly on masonary 
walls. An alternative mtko^ would involve the attachment of a trellis to 
the wall for the vines to climb on,^ This rnethod minimizes damage to the 
masonary, sinc6 t)je roots ar€ attached to the climbing stru<;ture. Spacing 
of boards on the CreUis should be generous (!' - 1 1/2*} so that solar 
gain is not seriously reduced 




Vin. Humictity/ High levels of moisture in the air will detract from human 

comfort. Since evaporation/cooling involves the release of rnoisture into 
the air> highly saturated air will retard evaporation and prevent cooling 
Dry air is a better insulator than wet air* Hoist air as a conductor will 
allow cold to penetrate, thus reducing the effectiveness of insulating 
materials* Areas juitU a high percentage of moisture in the atmosphere 
require plant materials that encourage air circulation^ while areas 
lacking humidity need to exploit landscape features that wil.l add to 
the moisture content* 

Air circulation can be Created by using plant screens to divert and 
channel breezes to areas otherwise sheltered. f>*om wind Currents. This 
will reduce humidity by forced evaporation. Plantlrjgs should be 
used to defletit rather than filter air flow. Reduce undergrowth to 
allow free flow of wind* * 
To increase moisture content, several measures are available. Since 
plants^ particularly large broadleaf trees , transpire large quantities 
of water in a da^y^ tlme^ merely increasing the volume of plant materials 
will add to moisture present in the air. Otherwise, bodies of water 
may be incorporated to supplement humidity by evaporation. Refer to 
Core Section (page 16) for humidity and temperature correlations. 



Ijj. Wind. Wind has tremendous influence* Its Interaction with temperature 
factors can result in either positive or negative impacts depending upon 
the combination. By knowing the seasTjnal and daily wind patterns in 
combination with the orientation and shape df buildings, fences, earth 
fbrms and plantings, the landscape designer* can take the best advantage 
of the wind forces or minimize them when the impact is negative. Ever-^ . 
green windbreaks can be used as a protective device to screen offtSee 
figure 9 1) cold winter winds from the north Refer to the core section 
(page 17) for wind flow patterns. 



V 



}r " wind deflectton fig. 9.3 



Deciduous screen windbreaks can be likewise used .to deflect warm 
breezes In the sunmer while allowing them to penetrate their 
defoliated mass durlngthe winter months^ 
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X, Thermodynamic Efficts^ The final component to consider In energy 
conservatjpn design Is the understanding of the thermodynamics of 
m^icrocllmattc factors. The laws of themwdynamlci malntaTn that 
heat cannot move from the colder body or mass to the warmer one^ 
Rather> It 1s the warmer of the two bodies that loses h^et and the 
colder one that gains. In f.act> heat will seek out cold and there 
*is a constant attempt at equilibrium. 

The two ways thai proper landscape design can minimize this heat 
exchange Is by using pl^nt materials In an effective way to cut down 
heat loss from a building In the winter and heat gain' to a building 
in the sumnerr We have mentioned wind previously for a reason. The 
turbulent or laminar wind thrusts put pressures on all fixed elements 
in their paths. In a bui1(fing«the cracks or openings around windows 
and doors allows this wind pressure ta actually force heat or cold 
into the Interior spaces, " ^ 

] ' ' ' ^< ^ . 

Another remedy from, the past to cu^t down on he^t^loss was the 

vefrt^bule, (See-Figure 10,1} This two-door airlock cuts down on heat 

lois or gain simply because it Isolates a- neutral zone of heat and , 

' ali^pressure thnough which excessive'^ changes of temperature will riot 

occur due to this l^uffer zonr. 



XI. Summation* Common sense is the basic plan for energy efficient 
landscapes. Trees, shrubs, ground covers and turf are the' basic 
tools that can be used to create aesthetically pleasing yet energy . 
conserving designs. A landscape that uses the sun'^ heat energy for 
winter Space conditioning ahd-den1es this saipe sun's heat energy for 
summer space conditioning is the best solution. ^ 

Deciduous trees are the major plant element to minimize the negative 
aspects of summer radiation while allowing the posJtive aspects of 
winter radiation when the leaves have fallen. 

Evergreen trees block the sun's radiation in all seasons; therefore, 
they should not be close to a building in areas where the winter 
solar heating is needed. ^ Their chief value is as windbreak planti'figs 
where their evergreen mass breaks up the cold winds* particularly 
from the north. 

> Shrubs are not as easy to use as climatic conditioning devices. 
Their size and growth patterns make them suitable for use with 
. taller tree plantings for th^ purposes of blocking^ channeling o 
deflectinjg. (See Figures II4 and 11.2) 

Groundcovers are useful in stabalizfng soil: Additionally » groundcovers can 
^ reduce reflected radiation when^l^ced below windows and around buildings,-^ 

. Vines are aUa considered groundcovers as they serve the same functions. 
Vines are additionally useful for radiation control because they are climbers 
which cafl cover structures as well as ground. Some varieties are deciduous. 
Deciduous vines perform best as solar radiation control tools. Evergreen 
vines serve-best as windbreaks when used on walls or fences, - 




fMarit List for Energy Conservation* 



PLANT 


TYPE 


USE 


RED MAPLE 


DBC^ TREE 


SOLAR CONTROL - 


SUGAR MAPLE 


DEC. TREE 


SOLAR CONTROL 


WILLOW OAK 


DEC. TREE 


SOLAR CONTROL 


WATER OAK 


DEC. TREE 


SOLAR CONTROL 


i^IHOAK 


DEC. TRjEE 


SOLAR CONTROL 


MAGHOLIA 


EVERG TREE 


WIMD SCREEN 


mMLOCK 


EVERG TREE 


WIND SCREEN 


RED CEDAR 


EVERG TREE 


WIND SCREEN 


WHITE PINE 


EVERG TREE 


WIND SCREEN 


CHIN. HOLLY 


EV^RG SHRUB 


. WIND CONTROL 


WAX MYRTLE 


EVEItG SHRUB 


WIND CONTROL 


LIGUSTRUM 


EVERG SHRUB 


WIND CONTROL 


BOSTON IVY 


DEC. VINE 


SOLAR CONTROL 


£tlGLI5H IVY 


EVERG VINE 


YEAR ABOUND BLANKET 



* The plants listed here were chosen l>ecause they are native to or grow well 
in North Carolina* serve the purpose of energy conservation well and are 
reasonably priced. , ' * 
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Energy 

Efficient Greenhouses 



greenhouse design 



history 

L The greenhouse has been a reality fcfr the last 200 years. While the Idea existed 
for centuries^ the refining of the original concept has just begun. 
The Twentieth Century Unabridged Dictionary defines the pre-energy greenhouse: 

greenhouse - A house» the roof and one or more sides of which consist 
of glazed frames > for the purpose of cultivating e^totjc 
pi ants > the temperature being kept up by means of 
artificial heat. • ' 

* 

The true greenhouse^ or hot house> was originally developed for use in the 
lowlands of Europe. The climate wds mild and days were generally overcast. As 
result^ sunmer overheating was not a problem^ and winter temperatures were 
moderate. 

Paxton created the crystal palace for the 1851 World's Fair in Paris. The 
structure was a metal frame completely covered with glass.^ As an exhibit hall > 
it protected from the elements^ while adding a new dimension to the concept of 
the greenhouse . 

Shortages in conventional fuel reserves have expanded even Paxton's concept. 
Today man views the greenhouse as a multlfaceted structure capable of heating 
his home^ enhancing his environment and producing his food. We reco^ize the 
correlation between man and his environment^ as well as the effects of the 
manmade environment on this relationship. By understanding the way these factors 
relate to one another, we can begi'n to design living/working spaces that take 
full advantage of natural system^ while providing a greater variety and quality 
of space in terms of function and enjoyment. 



problenfi definition 



II. The first greenhouse was developed to function best under specific conditions. 
The structure was designed to make best use of low intensity, diffuse radiation. 
This.design is still found in comnercial greenhouses which are used throughout a 
variety of climatic regions. Some designs will work better in a partlcuTar area 
than others. In order to insure the success of your system, fully define the 
criteria which the design must fulfill.. 

a . • 



PROBLEM DEFINITION = 



HEEDS & REQUIREMENTS 
+CONSTRAINTS 
+RESOURCES 



TIME 

CONSTRAINTS = +MONEy 

+THE SITE 



/ 



RESOURCES 



NATURAL RESOURCES 
ULandforms 

2) Soi1s. 

3) Vegetdtfon 

4) l4dturd1 Energies 

5) S1te Location 



hanmaoe assets 

1) Existing Structures. 
& Drainage Ways 

2) Roads & Access Ways 



PRACTICAL QUESTIONS 

1) What needs and requirements must the design fulfill? 

2) Is there a priority of needs? 

3) Are some ne^s nwre Intportant than others? 

4) What are the conditions under which the structure must function? 

5) What are the constraints of the problem? 

6) What resources are available to work with? ^ ^ -^^^ 



problem solving 

III, The elements of a greenhouse system are interrelated In such a way that making 
rhanqes In only one part of th(> system carf cause all the others to be altered. 

AS^you analyze tKe natural systems^ the relationships wIM^become more clear, 
Arade offs" (give and take between needs and pra<^t1ca11ty» or needs and 
Importance) will begin to surface. This prefaces, a part of a decision making 
process which can become futile unless goals are*establ1shed early and followed 
throughout. 

The sun and Wind are elements acting upon and responding to landfonris', vegetation 
and the built environment {*'builf environment'* refers to manmide sVuctures, 
^including architecture). Consequently, by manipulating these components, the 
designer can alter the natural forces to better suit the established needs 
throughout the seasons, ^ - ' 



orientation 
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IV, Orientation to the site is extremely Important, As the greenhouse concept Is 
based on interaction with the sun, it is essential for the structure to have 
access to available solar energy. ' ^ - * 

A true solar south orientation(see page of the Core Course for ex- 
planation of true solar north and south) will allow the gi^eatest possible 
amount of sunlight to penetrate. (See Figure 4.0), 



4 ^ > 




Buildings not facing the south wtll^receive less sun. (See Figure 4.1), 







fig:^,2 



mil 




80% solar gain efficiency 

When speaking ()f the attached greenhouse, orientation becomes more complex. 
The structure to which the hothouse 1s attached should shelter It from cold 
northern winds without obstructing transmission tjf the sun's rays. The 
optimum posttlon^for the proposed greenhouse must be determined by the 
orientation of thT^^xisting structur^^^.to which it will be attached. (See 
Figure 4.3). 

True South Facing House (See Figure 4.3). 




fig. 4.3 



On a true south facing house, the greenhouse may be located on any portion or the 
south wall. 



1 



Less -than 45 Eas;t of South (See Figu-e 4.4). * 




fig. 4,4 



45' east of sotith {See Figure 4,5), 




fig. 4,5 ^ 
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Greater than 45 East of South (See Figure 4.6). 



1- 




fig. 4.6 



the greenhouse 

V- In order to maintain a specific temperature rang^> heat must be added in winter 
and taken away during sunnier. The alternative ways of beating ffnd cooling can 
be generally classified into the categories of active systems and passive 
systems. ^ 

Today mo^t all permanent qr^eenhouses are equipped f/ith features which help to . 
maintain a consistent teri^erature and*htjmidity. The way in which the system 
accomplishes thls 'will determine whether it is active*- passive, or a blend of the 
two. . ' ^ " 

^l/ing in the sun would be a passive example of tanning, while a sun lamp would 
represent the active system. Both achieve the sam^ effect. Active systems, 
however* require the expenditure of additional energy. What dt>es this additional 
energy buy? It purchases the convenience^ of tanning at night, on a cloudy da(J, . 
etc. 

Generally speaking, active systems are convenient to operate. Circulating fans ^ 
^d pumps can be switched on or off to maintain a constant temperature. Passive** 
systems require some advance planning, as well as a working knowledge of the k 
system, in order to function properly. Well designed passive systems "turn on^' 
and "shut off" throughout the seasons iy* responsf^ to the* earth's natural syst^s. 



the greenhouse shape 

VL Efficiency begins v/lth the greenhouse shell itself .^ert^in sizes and shapes 
will preform better than others. 



In terms of energy -efficiency two^ factors are affected by building 
configuration, ^ . . ' , 

Solar H^at.fiain 
HhennaT Efficiency 

^tnergy^ff fcfency * ^ * . 

The key. to ^fontrolling these factors lies in the size of the surface areas and 
their orientation to the sun. {See Figures 6.Q & 6.1). 



f()w thermal efficiency; 




high solar 



fig. 6,0 
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high thermal efficiency 



low solar gain 



fig: 6.1 
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Another factor of configuration whi(;h affects the efficiency of the gre'enhouse 
is the slope of the south ahd north walls. 

Th^ slope of the south wall is critical to solar gain,* 

The slope of the north wall is critical to the thermal efficiency of the 
building. ^ ^ ' 

Th* amount of solar radiation passing through'a glazing system will depend upon 
the angle at which 'sunlight strikes the surface. 

The sun*s rays^ for all intents and purposes^ are parallel beams of lightj, 
fiays striking'a perpendicular surface impart the greatest possible amount of ^ 
eneifgy to that surface. A change in the angle will result in less energy 
falling on that 5urface>($ee Figur€s6,2 & 6.3). 




perpendicular rays fig. 6.2 
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obtique rays 



fig., 6. 3 
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The angle at which a beam of light strikes a given surface is called the 
angle of incidence. If all light is not absorbed by the surface, then there 
will be a certain degree of reflectance. The angle of reflection will be 
^qual to the angle of incidence. (See Figure 6.4). 



reflection angle = incldence/dngle 




fig. 6.4. 



reflection 



South wall and/or roof angles should be oriented so that liqht strikes at 
or near a 90 degree angle of incidence during winter months. 



For ex^rfiple, at latitude 36° the average height of the sun during the harsh 
months of December, January, ^nd February is approximately 35". Since we 
know that Tight striking ^ surface at 90^ imparts the greatest amount of 
energy, the south roof angle should complemeffit the sun's angle so as to 
maximize solar gain. In, this particular instance: 



90^ ideal angle of incidence 
^ 35Q solar angle 
^55^ south side angle 



Increasing or decreasing this angle wulil shift the maximum optimization of 
Solar gain to another set of months. While a 55 degree south aligle.would ^ 
be optimum for 36 degrees north latitude, a variation may be necessary due 
to construction limits or materials avail-ability. (See Figure 6.5). 
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glazing angles 36 



commercial designs 



VIU Coimiercial designs can be discussed and evaluated this poiMH>3Se'S on 
information previously discussed. Working systen^s for heating and cooling 
will be dealt with later in this division. Criteria for evalij<jtion of basic 

A&z -i nrK u-i 1 1 Ka a c frti 1 nu^ 



SIZE: Most commercial designs are basei^ on a modular system- 
7h1s allows a greater degree of flexibility .1n the 
sizing of a greenhouse. Modular systemscan aljow ex- 
' pansion along the length and/or width of a standard 
design. 



a. Fixed^size. - Definite^size restrictions by design 

b. Modular > FlexiBle size by additions to design 

SPA7IAL EFFICIENCY: ReferS to percentage of usable space. Radically/^loped 
walls, columns and braces are n^ative elements in terms 
^ ^ of spatial efficiency. * . . . ^ 

INSULATION: Pertains to glazing possib1lities(number of layers) 



,0^ 



a, single glazing 

b, double glazing 

c, triple glazing 

GLAZING KATERIALS: a, plastic 

b. fiberglass 

c, glass 

SOLAR ^FICtENCYr Slope of walls and building configuration determine the 
structures ability to accept and hold heat, 

{See Fi cures 7..1, 7.2, 7.3, 7. 4, 7. 5 , 7. 6 . & ?• ?) 




fig. 7.1 



SIZE:/modular expandability in length and width 
SPATIAL EFFICIENCY: excellent 

INSULATION: single or double glazing 
-GLAZING MATERIAL: glass or fiberglass ' 
SOLAR EFFICIENCY: fair 




fig. 7.2 



snEi fixed 
■SPATIAL £FFICI£NCY^ fair 

INSULATION: single or double glazing 
OlAZING MATERIAL: or filjerglass 

SOUR EFFICIENCY; excellent ' 



fig. 73 



SIZE: modular expandaljilUy of length. 
SPATIAL EFFICIENCY: good 

INSVliUTIWI: single, double or triple gUzing 
GLAZING HATERIAt: fiberglass or plastic - . 
SOLAR EFFICIENCY: good 




fig. 7.4 



SIZE: modular. expandability of length and width 
SPATIAL EFFICIENCY; e;{cellent 

INSULATI0N:s1ngle, double or triple glazing 
GLAZING MATERIAL: fiberglass or plastic 
SQLAR EFFICIENCY: good 



Er|c2 



SIZE: -modular expandability in height and diam. 
SPATIAL EF.FICIENCY: good 

INSULATION: single or double glazing 
GLAZING MATERIAL: glass or fiberglass 
SOLAR EFFICIENCY:' fair 




SIZE: 

SPATIAL EFFICIENCY: 
INSULATION: 
GLAZING MATERIAL: 
SOLAR EFFICIENCY: 



fixed 

fair tp good 

single, dogble or triple glazing 
glass, fiberglass or plastic 
excel lent 



fia 7.7 . 

SIZE: 

SPATIAL EFFICIENCY: 
INSULATION; 
GLAZING MATERIAL; 
SOL/yi EFFICIENCY: 



fixed by dwelling size 
good 

single, double or triple glazing 
glasS( fiberglass or plastic 

excellent(given proper orientation to existing structure) 



systems 



.VIIL Siting and greenhouse structure and configuration have been examined in \ 

reference to winter* heating requirements, fhe next step involves the details- 
of greenhouse design in relationship to a heating and cooHng system. Specifically 
systems that utilize passive solar design wilKbe examined. 

The three basic approaches to passive solar heat collection and storage are as 
follows; 

l\ Direct Gain . ^ 

2, Indirect Gain ' . . . ■ 

3. Isolated Gain 



Direct gain is present in any structure where sunlight penetrates to the 
interior'. The Interior space is directly heated by the sunlight. Sometimes 
a thermal mass is added to absorb and^tain some of the heat gain. Glazing 
area, material and colors will decide'^e performance of the system. Trees, 
Curtains, shutters, etc, are effective controls for regulating heat gain, 
[See Figure 





direct Igain 



fig. 8-0 
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Indirect systems are placed between the sun and interior spaces. The sun 
directly heats a storage mass^ wtflch in turn gives off(transinits) heat to 
the interior. 

In order to "turn on" or "shut off" an indirect gain system, the energy 
must be interrupted before it is transmitted to the mass. Deciduous trees, 
curtains and shutters are applicable control devices. (See Figure 8,1), 



Isolated systiems are detached from the structure. Sunlight can fall on an 
isolated system, but unless the heat is allowed to circulate to' storage 
areas or to distribution points, the system will impart no energy to the 
interior of the structure. Valves and dampers are most commonly u^ed as 
control devices. (See Figure 8,2), 
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heat gain 



These three approaches to passive solar design will be utilized in analyrint| 
and discussing the elements of a heating and cooling system for a greenhouse. 
The eJemeiTts of Jthe system are heat storagC/distriiDution^ insulation/shading 
devices, ftnd ventnation. 




greenhouse effect 

heat storage/distribution 

A, A six-inch wall will absorb *the same amount of heat as a fifteen -inch wall , 

The difference between the two is time. The heat. will pas^ quickly through 
six inches of masonry, while it would take considerably'longer for the heat 
to travel through a fifteen-inch masonry wall. The wall should be thick 
enough to time the passage of the heat through the wall so that tt)e heat 
begins to be rofltM^ved from the mterior side of the wall duri|j9 lU^ cooler 
hours of afternoon and night, 

Factors controllifig the performance of thermal storage walli are: 

1, Color, Dark colors absorb; light colors reflect, Use wall color to 
fine-tune wall needs. For instance, if the wall is now blacky and the 
greenhouse is Overheating, paint the wall a lighter shade, (See Figure 8.3). 

1 




reflection 




^ absorption 



fig. 



Materials: The thickness of a thermal storage wall will be determined 
by the material used to construct the wall , Sizing based on 
material selection. 

Water 6* 
Brick . 12" 

Concrete 16" ' ■ 

Rock ' 3-lD feet 

[See Figures & - , 




masonary wall 



fig. 8.4 
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water wall 



fig. 8.5 



Size of thermal storage wall is determined by floor area to be heated. 



^ Average 
Winter 
Outdoor 
Temp. 


% of sq. ft. 
Masonry 


of floor 

1 

Water 


15 


.85 


.75 


. 20 


.75. 


.65 


25 


.70 . 


.55 


30 


.60 


.45 


35 


.45 


.35 


40 „ 


.35 


.25 . 


45 


. .30 


.20 



For example- ft)r a 100 Sq. ft. greenhouse in a climate with an average 

winter outdoor temperature of U5 degrees, the thermal Storage 
^ wall must be 85^scj. ft- for masoni*y and 75 sq. ft. f^Twater. 



r. 
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If the storage wall is a water type, translucent glazing is not necessary 
since the natural convection currents of fluids will distribute heat 
evenly acwss the length of the walK Only in instances where the water 
wall consists of ma&ses of individual containers (jugs or drums) > in a 
stacked fashion^ will .a water wall function better with a translucent 
glazing. ^ ' 

4n instances where a masonry storage wall is located behind a double 
glazed wall* it may be advantageous to use a translucent glazing. Sun- 
light, would pass directly through the first layer of transparent glazing. 
Upon striking the second translucent layer^ the light rays would disperse. 
This diffused light would allow the masonry wall to absorb heat evenly, 
thus eliminating cold spots. ^ ^ 



Once heat has been stored^ a method of distribution must b& created in 
order to keep the structur^within the comfort zone at night. 

The simple way to redistribute heat is to place the storage system so that 
radiant heat will be passively released. An example would be a masonry 
floor *or wall whic?h\ after directly absorbing sunlight during the day, 
would simply re-radiate the stored heat through natural thermodynamic 
principles. A modification of this concept involves the placement of vents 
along the top and bottom periirreters of the masonry wall. Cool afr is drawn 
in from the floor^ heated as it contacts the masonry^ and carried out through 
the top vents. This convection loop will distribute^eat to a greater 
portion of the structure than will a s^imple masonry (rfall .(Se§. figures 8.6 & 8.7}, 




trombe wall 
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INTERIOR SHELL 



EXTERIOR 




ROCK MASS 



solar envelope 



fig. 8.7 



In some areas where the cloudiness index obstructs solar gain for days 
at a time, it might be advantageous to connect a wood/coal burning stove 
to the system. The auxiliary heater would supplement the system on over- 
cast days, as well as add extra energy for use when exceptionally cold # 
tiights are anticlpaied. 



In a structure where the sol? concern is the growing of plant materials 

the main object is to he^t the plant. Heating the^air within is the 

least effective method as hot air will migrate,..^fpward leaving cooler air 
surrounding the plants.- 



For plants^ heating the beds directly will cause the least amount of^.heat 
loss* This concept will involve the placement of heating pipes or a 
single rock layer beneath the "plant bed* 'Stored heat in the form of hot 
air can be channeled beneath the planting. Heat beneath the bed will 
gradually move upward'effectively maintaining a safe temperature by 
warming the plant directly instead of the,3ir Surrounding it. 
Essentially^ this method of "hot beds" creates another microcl imate ^ 
wUhin the already existing greenhouse climate. {See Figure S.S) 



insulation 

Bv Insulation is required to mairvte+fi any temperature difference between-exterior 
and interior environmertts. me configuration of the structure and the type of 
insulatior; used will largely tie termine the thermal efficiency of the greenhouse,. 

insulation for heat retention 

A well-insulated structure is essential fjpr efficient use of stored heat. 

Vegetation, as an insulating material against wind, has been discussed'aV'" 
length In the Landscaping for Conservation Section. ^ ^ 

Berms (earth piled 4rito uounds^ can be used to cut down on heat loss through 
the north, east, anj west faces of the structure. Since the south face rs , 
the main access to solar gain in the winter, it should be left open to sunlights 
Berms protect from north winds 'primari ly, so the north-facing side -of the hot 
house should be as compl^ely covered as possible. Adequate drainage will be 
required in some instances to prevent seepage into_the structure, itself. Wet 
soil is a poor insulator. Drainage will keep the berm dry, thus allowing it to 
protect the Interior space better. Rock mulch and vegetation should be used to 
stabilize berms and ste^p slopes from erosion> (See Figure 8,9) ^ 



The depth to which the structure is set into the ground cah help maintain a 
safe tertnperature range. A structure below or close to the frost li-ne {plane 
^beneath the top soiK-below which no freezing occurs) will conserve more 
energy than one constructed with slab on grade (foundation flush witK ground 
level). (See Figure 8,10). 




i 

^Thie vestibule concept^ when used in major entrances^ acts as a- buffer zone 
^b^etween the environment and the greenhouse microcl imate< Vestibules should 
'be weil insulated within thense^lves with aU joints and gaps sealed with 
weather strip or caulking. For commercial use^ ^vestible and vestibule doors 
should accept trucks and other transport vehicles so that maintenance of 
plants in .winter can take plac^ without excessive heat loss. The vestibule 
can also be used as a storage area fbr frequently-needed material. 



Ihe alternative ta an add-on vestibule would be simply to block off areas 
adjacent to entrances within the greenhouse itself, thus creating an 
internal vestibule. There would be considerably less cost in this method, 
<See Figure 8/11)-. 



DIVIDER 



STORAGE 




fig. 8.11 
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The average single-glazed greenhouse loses more heat irr a winter day than 
it gains, Even a hothouse wUh a built-in passive solar system will lose 
in the long run if not properly insulated. 

All glazed areas should be double glazed. Two layers of ^glazing provide an 
air space which helps to insulate. ^T^us- solar gain is not significantly 
hampered while heat loss is reduced. 

Separation of ctouble-glazed wa'^'ls can be built-in (structural) or can be 
activated by ^ blower fan which expands the glazing layer? by forced air 
pressure. 

All glazing should be sealed with caulking or weather stripping,^ This is 
especially needed if the structural supports are of a highly conductive 
material. (See Figures 8.13. 8.15) 
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Another type of insulation which can J>e used with^double glazing is movable 
insulation, ; ' 

Types of insulation: 

' ^ , K Fiber 

2. Rigid foam 

3. Particles 

Structures with curved glazing surfaces will probably work best with a-, 
flexible fiber-type blanket. The blanjtet would be^pulled aside during the 
9 a.m/to 3 p.m. hours so that tl^e unit is allowed to gain sunlight, In^ 
the afternoon, t+ie blanket would be pulled over the unit and left until 
the nextjJay.(See Figure 8.16}. 
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structures with flat glazing surfaces -i^l^ work well with any type of 
^movable insulation. The more rigid foam^and particle types will probably 
last longer, however. These can be used as hinged panels which can be opened 
or closed as needed^ simi lar to shutters^ {Se€ Figure 8.17) . 



HINGE TYPE 




fig, 8/17 



movable insulation 




In>tfration between the floor and ground of the structuirej (if nasonry or other 
-rteat Storage type) is not necessary unless the site is characteristic of wet 
soiK Since wet soil will steal mdVe heat frQiu the' floor yian will dry soil, 
waterproof insulation would pay for itself In a*wet region. ' ^ " ' 

Vertical uiasonry or water walls used for heat storage lose sofne heat to 

the ground through the floor. This amount is not lai^ge enoiight to justify . 

the added cost of insulation^ unless conditidns are" extremely harsh. ' ^ 
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insulation for cooling 



The greenhouse skin forms a partially isolated microclimate. Materials used 
to retain heat inside the structure are classified as insulation against 
heat loss. Materials used to keeo heat outside are insulators agai-nst heat 
gain(i.e, insulation for cooling), - . ^ 

A material used to insulate against solar gain is loosely called a shade 
cloth or lattice. 

Shade cloths are used predominately in the summer session to reduce the 
overall amount of heat absorbed by the greenhouse while still allowing 
ambient natural light to penetrate. 



Possible alterjiatives fbr-.shade cover: * 

1. partially nfefl^ctive films 

2. perforated plastic blankets 

3. ^ paint*on type blo'ck-out (whitewash} 

4. metal ized foils 
5, louvered shades 
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Shade covers to block sunlight can be combined wi,th movable insulating 
panels or curtains to create one system capable oT satisfying shading and 
insulating raqui rcments-^hroughout the seasons- 



Since the suopier sun imparts the majority of its energy to the roof of a 
structure, and the winter sun iinparts the majority of its ener^ to the 
walls, a complementary system is conceivable which would reduce" sufimer 
pverheating without signjXM^^ntly impa.irifig winter heat gain. 

The concept involves trte placement of reflective film or glass along the 
roof Ifne, This added material functions as a kind 'ef overhang, reflect- 
ing high-angle sufiner sun and allowing low-angle winter ^n to penetrate, 
(See figures g,lS, 3.19, & 6.20}. , ' ^ ^ 
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ventilation 



C. Most all greenhouse^' overheat to some degree during the warmer summer season. 
Overheating can be dealtjjijth in several ways: * 



rneatmg can oe aeaitjotn in severa* 

Ventilation is the ol deltctfitcept fo 
by convection of wind ciTrmts* , To 



for removing heat from the structure 
accomplish ventilation ^ 
the hothouse must be provided' with windows, doors, etc, which can be 
opened to anow-natural wind currents to exhaust the stored'heat. 

Since any, part of the structure which opens {like a dpor) w1Tl be a 
source of heat loss in;the winter, vent locations should be placed ' 
carefully and minimized. 

The greatest amount of hot air will be found ,iTe|j> the roof. A handful of 
vents placed on the roof line will extrarct hot air by making u^e of the 
thermodynamics principle {hot air rises, cqoT air falls). 

To enhance this ^effect further, vegetation can be placed to channel 

summer breezes* through the 'structure instead of around It, (See Figure 8.21), 
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* Another principle useful to surmier coolingjnvolves the reversal of a 
concept used for winter insulation. 

double-glazed structure, the first^zone td gain heat through .solar 
radiation is the space between the glazjng. If this area is constantly 
vented, the system will remove heat from the first zone before it can 
^reach the interior. The same "squirrel cage" fan which is used to create 
'air space between glazing layers by^infh*tion wiMl function well as ah 
exhaust fafi* - ' ) i - 



True exhaust fans retjuire energ:? i)»put and should be avoided unless 
absolutely necessag^. (See Figure 8,22) 
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working syst^s 



A successful^-greenhouse system will neutralize the extreme forces of 
nature,. T>€ degree of success will be determined by the energy required to 
mainta^fi^he system and make it work, To design systems to combat | force 
is gefiiusi^d turn one force against another is Tess tiring. Attention to 
t^ relationships of natural and marwmade systems will allow ycMj^ the ^ 
' /designer; to produce a more efficient, environmentally responsive^stru<;ture 
y (See Figures 9.0 & 9>.l). 
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introducfioa > 

Thjs bo&^tftll deal with the design of a proposed nurs^r^ operatipn and witfi ^ 
the techniques for conserving energy In .the process. Each nurseryperson must 
^be innovative in onjer to survive* so theVe will'be many new ideas brought 
forth as we deal with our enei^gy problems. This*te>t lists the practical 
^concepts at this time. * \ 



process 



r. ^ nursery >s ^a simple production unit to turn out first class plants ^ ■ 
efficiently with minimuni effort. Changes have been a way of Hfje in our. 
technological society, and" it is-so today. During the past two. decades- 
we. have seen* enonnous change^s in the nursery b^usiness as a result of 

1. New products-plastic filra, plastic ppts^ peat pots^ sophisticated ^ . 
watering systems* digging machines* pine bark* growing mediums* 

> ' etc. ; 

2. An inexpensive energy cost based on the^availability of natural gas* 
oil* and electricity* then rapidly escalating energy costs; 

3. Expensive labor costs due to the rising costs of living correlated 
with minimum wage standards; / 

* " , ■ ''^ . 

4. incre^ed cons^traints imposed by social legislation (OSHA* EPA* , 

' * etcJrand ^ ^ ' " > , 

5. Improved chemicals ^or v^eed qontrol^ fertilization* and. propag^tioii* 

"We went from a labor intensive based production .and landscaping prbgram ^ 
to a technological intensive based production and landsrcaping / 
program based on the availability of inexpensive energy and products 
which were primarily oil based . We can say that we ^ihanged from . human. ^ 
enerc^ to oil energy. Now* since'dur inexpensive oil era Js over* in 
order to survive we must change a^ain* and fast* to new energy systems.^ 
This change will involve inltiMive* risk* Ingenuity* and "leadershiV.; 
But that is what business is all about! ^ - 

history ' 

II, The nursery business in the thirties consisted of bedgrown- cuttings * , ^ ^ 
seedlings* and liners which were tr*ansplanted into rows or,beds in the,^ 
field. There theygrew* were sold* were utilized in landscape plantiOgs* 
were replanted further apart or were destroyed. Jhe market was primarily 
locaJ*^w1thin a few miles of the nursery. The nurseryman was, a grower* 
retailor* designer* and landscaper. Many nurserymen ran tightly knit 
. / family operations which worked with known .plants. Sometimes* specialty" 
Items like fnj1% trees* pyramidal arborvitaes* Jegustrum; e.tc, *. became 
the mainstay ^>f the business^. The nurserynien looked upon themselves as 
indepehdipt fanning types*' Many times their personal relationship tP 
their product was one of deep affection, which they attempted to pass on 
to their custwners^ / 
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Since that day, with the advent of newer concepts of propagation, fertil- 
ity, weed control, container production, and mass consumer markets, the ' 
nurserymen have changed into sophisticated businesswn. They no longer 
look on individual plants with affection but on thousands of plants 
which must be nurtured, protectedj, grown, and sold to markets whtch were 
previously set up. There Is now ^o room for a hit-or-miss approach. 



the nursery 



III. There are many types of nujrseries from the extremely large ones tiiat cover 
hundreds of acres and pro<iuce thousands of jrlants each year down to the 
one- Or two-acre nurseries which may produce only one type 0/ plq^nt, for 
example, Japanese Maples, in, great variety. The monies from one fype 
might be as great as fromjthe other. So larger does not necessarily mean 
better or even more productive and cost effective. . f 

\l "^ 

^Therefore, the first question to ask ourselves is how big do I/want to 
be? If you like the individual approach, then do it; but, if /you invision 
yourself more in a mancig^ment role, a leader of workers, then^M:he larger 
operation is probably where you will go. In both cases^ a wpe utiliza- 
tion of your natural and' human resources is necessary for success. 



natural resources 



IV. What are our natural resources and how can we efficientlyiuse these 
resources? ' II 

First, we have the land. What are its natural characte/istics^-wopded, 
cut over, or cleared. What are its lartdforms— rol 1 ing, /fl at, steeply 
sloped, deeply incised with gulleys. How does the dirW feel —porous , 
tight^ filled with humuls, moist, dry? How wide is it/ How long? What 
Ms its orientatiorv? Where Is north or south? 

Second, vie have the vegetation and soils. Do the t/ees cast shadows? 
Are the trees evergreen or deciduous? What is the^chemistry of the 
soil? Can we easily cflear the land— by manual labior or b/ bulldozer? 
What do we destroy if jwe use the bulldozer? What/is the soil naturally 
growing? Does the existing vegetation have a ma/ket value? Can the 
humus be used as a growing medium? Are there a^ old sawdust piles? 
;Can the trees be cut (ip into building lumber? / 

' ' / ■ 

\Third,;do we have an I'available water supply--fn old well, an abandoned 
5ond, a running brook? ^ j - 
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W^ should record the existing natural conductions ^nd resources and from 
this information begin a pFan, A good tcjpographic map is a necessity, 
so do Tiot liesitate'having one prepared by a surveyor! The plan can be ^ 
drawn on any kind of paper and at'ahy so^le. The topography and the size 
of the land^unit determine the contour intervals and the scale, ,rt^is 
best to draw the total project, on one ^^heet of paper and the paper size 
should not exceed 30 inches width by f2 inches length, Drawings on card- 
board can be photostatically put on' tracing paper. The scale probably 
will be one inch equals 20 ,feet {l'"^20:, or perhaps 1"=30' or 1"»40' or 
1"=50'} with contour irvtervtfls of tfo feet. The illustration (figure 4,1} 
shows the proper order of placing Information on your paper>* 
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By a study of the existing concjitions pl^/we cau^determine the followit^s^ 
1 , Access 



^ Where should the' majorMriveways be placed for inUial operations, 
" * thar* permanent operations'?^ " ^ ' 

^ \ * . :^ / ' - ' , . ^ 

2. VegetatioA and OtheKNattiral Features ^ : > 

What^tr^es\shoiitd remain? !4iat-ca;i they be used for? ^Jhe combination 
of 'land'fonns {i>*.> contours), orientation {i.e., solar and wi-nds), 
anjJ existing vegetation determine th^ net usable spaces on the land: 
Foir^^exampVe j| a'rowfof densely;plan£-ed evergreen trees a'nd shrubs on 
the north x:reates a protected ,area*on .the south. Tall trees, particu- 
larly piflesAbecome effective 'natural .bathhouses with" light shade, 

3., Structures ^ , ' * * , ^ 

C^an-thfe old houW be used as. a^ temporary dwelling, rehabilitated 
iato a permanent dwelling, used as w aux-illary building, moved to 
a new location^ material" sal va'ged land reused, .or material used as 
' firewood or temporary erosion con^troV structures? 

' . \ ' ■ 

4. landforms * - ' * ^ ' ' * 

^ * \ ' ■ ■ ' ' 

Slopes and drainageV^^if^d the areas wtiich are well cirained and less^- 
than one percent^ gradient {i.e., a.orfe foot vertical change io a 
10' foot'horl2ontal i:h^nge); these ar^as are t'he easiest ones to 
develop. ^ * \ ' - ' ' ' 

5. Orientation ' ' ^ * * _ * 

' ' > '* " 

There are several bits of. knowledge that should be consfdered at«this 
. ^tage: ; ' ' ■ ^ ' ' 

a. Solar* the sun goes, frism southeast-to southwest in %w winter 

and northeast^to northwest in^the summer. (SeeTpiguref 4.2 "and 4,. 3) 
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b. Winds: Winds combined with extremes in humidUy and temperature can 
severely damage unsheltered plant materials. Warm dry suimier winds 
(generally from the south to southeastJ^can force plants to transpire 
excessive amounts of water in order to maintain an equilibrium. The 
plant will eventually dehydrate and die. 

The cold "winds are "from the nprth. Cold wet winter win3s bring frost 
and are also, destructive, to plants. Extreme shifts in climate can 
be detrimental > 'especial ly when v^rm days are followed by a cold 
snap. 

Existing windbreaks of tightly grown evergreens on the north side of 
the property cao protect plants, people^ and. structures from the 
cold winds. 

Windbreaks on the south and southeast quadrant can be used tore- 
strict summer winds which cause dehydration. These plantings should 
be ^plaued* sD" as- not ta^ resrficrs'olar" g'aih to Ttructures i/i'the" " - 
winter n»nths. . ■ " ^ 

Swirling winds or small tornadoes can be very destructive to un- 
secured or cheaply built structures. Windbreaks which Either filter 
Or divert strong air currents will reduce damage caused by tift 
sheer force of the wind. - " - 



c. Air Layering. Cold air normally migrates to the lowest part of the 
land and> in some instances^ will layer for several hours or days 
whifti could be terribly "destructive to very sensitive pla'U 
materials. Therefore^ locating field stock in a depression or valley 
to shelter it from cold northern winds would only create a r\evt 
problem, f^atural earthforms will work well as Wind barriers provided 
.they are not extr^ depressions into which cold air will settle 
and beftome stagnant. „ . * ^ 



Temporary Assets 

The .landfonns and Existing vegetation 'which are ofi adjacent lands to 
your ^property can be looked at as temporal;/ assets. To base the lay 
out^of your property on the existing situations beside you would be 
hazardous since the 'adjoining property could be changed through 
grading or vegetative xuttjng &t any tjrae.^ 
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Whet Tiave we learned to this point that we can inQorporate into our plan? 



1, Access. Good vision of approaching' or passing vehicles, 
access to house and business. . 

2, ^te^getation, Pine^stand on north to remain; augment.i;ith 
euergreen screen to shelter against north wilds, P1ne stands / 
ofi adjacent properties are gpod additionaijboffer areas, / 

3\ ■ Strltcture. Repair the old hoyse; add to later on; or repl/ce 
at Some future date, * y 

■ 4, LafidformsJ dood slope and well-ilrained soils. / 

^5. Orientation, Shade, sun, cold wind^^^cold pockets^^ 

,6, Ideal developable unit, " , /"^ 

,7. Temporary assets. Adjacent properties, 
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The layout of oOr sjnall nursery begins to .take on the following appearance 
(See Figure 4.5) 
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energy conservation 

V. The concept of energy conservation should pervade every aspect of your 
* nursery design, construction^ and operations - 

* A* Design as previously shown takes into account existing topography, 
existing vegetation, solar orientation^ maximum utilization of 
natural resources, location of facilities^ access and parking 
reqiiirements > prevailing winds (both winter cold and sunmer cooling), 
water capacity, and land clearing, We can state the following 
energy (I.e., Inoney) saving principles. 

1* The existing vegetation can be an important fadtor in energy 
conservation. The following figure illustrates data from the 
Twin Rivers, New Jersey, study by the S. Department of 
Commence (see figure 5*1). 
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exposed south face wall 

east/north/westVwindbreaks equals 
40% reouctionij of *fuel consumption 
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2, The. existing vegetation can be supplemented by large^ medium'^ 
and small" evergreen"^ shrubs, to effect a ch^nnj&ltng of wind yet 
add beauty to voun landscape (see figure 5-2)- 




10 MPH/ WIND FROM NORTHWEST 




SCREEN -PLANTINGS 




fig. 5.2 



PLANTINGS AS FUNCTIONAL /AESTHETIC ELEMENTS 



3. In the design of the house, sheds, and geperal structures which are 
* considered weather^^^oof , .you should enclose and insulate the sides 
facing northwest Id northeast. Open up the sides facing from the 
southeast to southwest with window glass to allow ^olarCheat) to - 
penetrate in the winter months (s^e figure 5-3). 
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4. Keep 'or plant deciduous trees on the south faces of the 

structures so that 'the trees will shade m the summer months 
yfet allow solar heat in during the winter months (see 
Figures 5,4a and 5,46) 




fig. 5.4a deciduous tree • summer 




fig. 5.4b 



deciduous tree • winter 
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Use the principle of overhang and vestibule in the design of 
your structure (see*figures 5,5 and 5,6), 




overhang 



fig;. 5. 5 
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vestibule 



fig. 5.6 
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6, Utilize the^same principles in the design .of your^ green- 

h(5iJSlES. AlsOv consider a more permanent greenhousf with the ^ 
use of a dotiiJle l^yer of plastic or a reflective plastic for - 
insulation which provides a greater insulatio"r\ value*-up to 
sixty percent savinq in heating {see figure 5.7), ^ 
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Drainage of plant b^s is important and should.be cortsidered 
at all^tiines. However, the energy (costs) of a bulldozer^ 
will be ever increasing so the ancunt of grading should be 
kept to a mininwm (see figure S,B) . ' irf^ddition unecessary 
grading can create the following problems, 

a< Destroys the growing horizon for most trees and plants; 
expensive to replace, 

b< Destroys root systems of frees, 

^ c. Destroys the water holding capacity of the soils. Creates 
destructive run-off and sediment pollution, 

d. Destruction of trees which could be beneficial for summer 
shade or winter screening. Expensive to replace, plus growing 
time involved. 
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B, The cofistmctfon of buildings has*beea previsously discussed; however- 
it shogid be emphasized again that a low building front*end cost may 
lead to expensive ma.1ntenance and operation costs through the years 
to come. Proper planning would be to design the building $o that it 
could be increasingly improved through the years by addition of 
.insulation* filling in open cracks, tightening up of window and door 
spaces* and additions of vestibules* Ranember, heat goes to c&ld, so 
every open cavity or crack is an escape hatch for heat (energy). 

C* Operations of a nursery must be based on efficient design and manage* 
ment* Your profit potential can be maximized only by njinimizing 
waste^ in the growing processL* ^ 

The coits of operating labor-^saving devices must be evaluated constantly 
' against the costs of >abor* 

1, The costs of labor must be evaluated constantly in terms of 
maximization of 

a. work patterns > 

b. relationships of workers to equipment^ 

c. equiprtftnf repairs, and.- , 
, d, nursery*?N%iotentiaK 

2* * The cost ^f labor-saving devices (i.e.^ mecharvlcal equipnwnt) 
must be evaluated in terms of 

a* operating costs^ 

b, maintenance costs> 

, c. relative productive' time> and 

d. storage (weather protection) costs. 



Transportation of materials, equipment, and personnel will become more 
expensive; therefore, a ^ood layout is important. The following plan 
shows 1n.a dlagrannatic way , the relationship of elements (see figure 5^9). 
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fts the facts and figures begin fo come in on your operation, you ^¥\] need 
to analyze them and liake the necessary changes to inaxiinlze/your pfrofits. 
The preparation of ani energy conservation p^an will be a ijaist since, 
before you can properly manage and conserve y^^ur resources, you, must plan 
how to do-so. ' The energy conservation plan should take into ac'count: 

K 'an analysis of cyi::j=eJ*Ctosts , 

2, how to reduce ^ergyj wastes, 

3, how to recyoTe wastes, and 

4, a procedural, plan for efficient energy use. 

Vour energy conservation pJan will not only be valuable to you, but will 
be valuable to the nursery industry. Ney techniques for energy conser- 
vation will come forth from now oa< and your solution to the problem could 
be the next important step! 

The following chart and mfethodology may be useful in evaluating the efficiency 
of your operation. 

The performance chart is u^ed to determine the degree of efficiency within 
various systems and other related systems. 

To u^e the performance chart; 

1) determine if a relationship exists between two areas. 

2) describe .the extent to which a particular system affects or Interacts 
with another. 

3) define measures which would inprove efficiency and decrease waste witnin the 
r^l<ationship. 
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* note; other input may need to bemadded; depending on the scope and size 
of a particular nursery^ operation* 



STRUCTURES/LANDSCAPE 

Describe the imnediate landscape in relation to the manmade structures on site. 
Do these plants serve the function to which they are best suited? Are deciduous 
trees located in the south quadrant? Are the windbreaks coropfete barriers? . 
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STRUCTURES/LABDR 



Describe daily work Routines which relate to manmade structures. Does the layout 
of a particular structure help to facilitate the work which takes place in err 
around that stri^cturei 

STRUCTURES/MAINTENANCE 

Describe the extent of Imaintenance required on all structures. Do any structures 
require excessive or rep^etitious repairs on a regular basis?^ 

f 

STRUCTURES/mNSPORTATlfl 

Describe the inethods us^ to transport materials to and. from structures. Do 
the structures allow vehicles to move freely about? 



STRUCTURES/LAYOUT 



Describe daily work routines in relation to the layout of structures on the sfte 
Are structures located so to reduce wastedjabor- and transport time? Are 
storage sheds centrally locited? 



LANDSCAPE/LABOR . \ ^ 

Do the plants used for ener'gylcpnseryation in your opera^tion^r^quire minimal or 
excessive attention? Describe the amounts of labor and noaterials^ req\jired to 
maintain them. ^ " . , \ ^ 



LANDSCAPE/MAINTENANCE ' " - ^ ^ . ' 

Are the plants which have been used in your operation healthy and growinq? 
Plants should be selected which not only perform a function in terms of 
conservation, but also are h'earty;/nd well adapted to thjB conditions of a 
particular site- - . ^ . ,v 

LANDSCAPE/TRANSPORTATION \ ^ ^ 

V ■ * " 

Are plantings and road systems correctly sepai^ated from one another? A valuable 
shade tree can easily be desttojred by Jieavy equipment which will compact soil 
around root systems^ ^ ^ ' 

LANDSCAPE/LAYOUT ■ " . ^ ' ' ■ * 

* *■ ' * ' " » * 

Are plants which' are used for climate control suited to the operations and work 
of each area? for- instance^ evergreen windbre^ks*will work for nio?tal\ 
structures. Large deciduous trees> on the oth^F hand, n>ay shade greenhouses / 
such that insufficient light is avaflabl&for grQwipg certaiQ Ixlant matef-ials*^ 

LABOR/MAINTENANCE. 

Describe the areas in which lafcfor Is most intensive* Do. workei^s spend ;nore time 
in maintenance of facilities or in maintenance of njirsery stock?, 



LABOft/TRANSPORTATIW) ... - - 

Are transportattdn meth^ods suited to the siz^ of your operation and to, the needs 
of your labor force? . ^ ' . 

labor/laVout ^ * ' \ ■ 

Are the facilities oriented to [Provide specialized areas of your work? For 
instance^ storage buildings should be located. near work areas. . 

MAINTENANCE/TRANSPORTATION / . ^ ' * - ^ 

Would iDodifications in transportation of labor and materials improve t'he 
efficiency of your operation? ■ .-. 



TRANSPORTATION/LAYOUT \^ • ., ' 

Does the layout of your operation keep, the need for inechanical transportation 
to a minimum? , ' ■ ' - , ■ . 



*■ 

\ 
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OUTLINE l^R STTE^ EXERCISES ' ' ■ ' 

This set of instructions and the corresponding maps can be used as.exercTses for 
any or all sections of this book, ^ _ _ , 

1, "The Core Course" ' - ' ' 

2, "Landscaping for Conservation" , ' ' ' 

3, "Energy Efficient Greenhouses" . ^ ^ 

4, "Nursery Design ^nd Operation for Energy Conservation'* 

The maps which^ are included frith these instructions are at three separate scales: 
the site maps are at the scale of 1"=50' ' the s'ite analys^is map^ are at 1"=100^ 
and the offsffe^^atures map is at V^20u\ The maps \descri be ait actual 54,8 
acre site, - ' ^ . ^ - > 



'TO THE IfiSTRUCTOR:/ . ^ ^. ^ . ^ ' \ 

(1) The instructor should dete/mine whether^.^ sinan^r\;p^rcel of lantl {^ub-site) 
within the 54.8 acre site should be selected f^r all students tp work from- ' 
or whether tjie selection of^a sub-site will be left to Jthe'individi^l based 
upon the size and ^tope oftprojeQ^t which^e/.she wishes t* und€irtaffe>; yStud- 
ents interested in pursuing ,fliii^sery operation^ will need ^"l^rgeivsUe With 
which to work, while, students interested ^n landscape (in attilched green* 

.^houses will be dealing with a' f$sT3ehtial Size lot", , 

(2) The instruetor'should^decide whethar the students wiH yrorlc individually, 
collectively, or a combiitation. of. biith ^ ^ 

(3) The instructor should set a^scheduje for stadeoLts to follow in terms of 
..time vs, proc<*ss, ' . . > / 

(4) The instructor should, decide areas of^emphasis based^ upon class interest 
and areas whfch he/she'feels are iji nee^ of Special "attenti^on, 

*i ^ ^ • ^ . , ' \ ' ' 

(5) ' Students imist^decide tKeti*pe^(rHyrsery , greenhouse or >ahdscape) of project 

which they wish to undertake.. Students sl\oul()' decide on^ names for their 
projects; V ' ' ' * , ^ ^ * r ■ - 

(6) Each student or group of students *<ill 'add tp;;their respective site(sX 
/^n existing dwe1.1ing (house) before begirining t^le -design process. 



LANDSCAPE DESIGN FOR ENERGV CONSERVATION " ' \\ 

OBJECTIVES - _ ^ 

a. Preliminary analysis of the site and existing conditions; 

1. Off-site Features Analysis^ , ■ ■ ' 

2. Slope Analysis ^ , / ^ 

3. Vegetative Analysis 

4. Soils Analysis 

5. Surface Drainage Analysis 

6. Solar Analysis 

7. Wind Analysis ^ , , - 
8*' Architectural Analysis 

Sitfng.of the building onto the site with respect to? . ■ 

1 . Lftndf onus 

2. Vegetation 

3. Solar Energy 

4. Drainage - - ^ . ^ 

• 

c. Conceptual master plan for the development Energy Efficient La'ndscape 
Design. ^ ' ■ ' 

d« Preservation of the actual character of the land. - 

e. Integration of the site and structure so as to enhance the performance-and 
quality of both. ^ 

f. Achieve a high aesthetic value as an element on the land. 

g. DesIgn^ to supplement summer cooling/winter heating demahds« 
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GREENHOUSE DESIGN FOR ENERGY EFFICIENCY 
OBJECTIVES ■ ■ 

a. Preliminary analyses of the site and existing conditions; 
*h Off-site Features Analysis/ 

2. Slope Analyses 

3. Vegetation Analysis 

4. Soils Analysis 

5. Surface Drainage Analysis 

6. Solar Analysis 
Wind Analysis 

8. At^chitectural Analysis 

Siting of the building onto the sJte with respect to: 
L LandfoVms 

Vegetation " ^ ^ 

3, Solar Energy ' 
' 4. Drainage \ ^ 

Conceptual plan for the design of an Energy Efficient Greenhouse.^ 

d/ Preservation of the natural character of the site. 

e. Integration of the greenhouse to the ejtffting dwelling so as to enhance the 
performance and quality of both. 

f, Achieviffg high aesthetic value as an element on the land, 
g- Design to supplement suirmer cooling/winter hJktlog'demands, 
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NURSERY DESIGN FOR ENERGY CONSERVATION 
(©JECTIVES 

a. Pre 1 f mi nary analysis of the site and existing conditions: 
L Off-site Features Analysis 
2. Slope Analysis 
3,. Vegetation Analysis 

4. Soils Analysis 

5. Surface Drainage Analysis 

6. Solar Analysis 

7. Wind Analysis 

8. "Architectural Analysis 



b. Siting of the building ontq the site with respect to; ' 
1, Landforms 

' 2, Vegetation ^ ^ 

3, Solar Energy 

4, Drainage 

c. Conceptual master plan for the design of an Energy Efficient Nursery 
Operation. 

d. Preservation of the natural ch^r^cter of the site. . 

e* Intergration of structures and site so as to enhafice the ^performance and 
operation of the fac/lity, 

f. Conceptual layout for efficient us& of labor, materials and energy. 

g. Aesth^^ic value as ^n element oli the land., , < ^ - ' 

h. Design to supplement summer cooling/Winter heating demands. 
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7 MAPS DELETED DUE TO OVERSIZE- 
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